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undertaken and the mass screening of several hundred plants 
resulted in the identification of Pueraria tuberosa 
(Leguminosae) and Verbena hvbrida (Verbenaceae) as worth-
while. Pueraria tuberosa showed a constant 100j< post-
coital contraceptive efficacy in female rats and hamsters 
model and was taken up for the followup studies for its 
chemical constituents while Verbena hvbrida which exhibited 
promising anti-fertility activity was the second candidate 
for the detailed phytochemical investigation. 
A brief outline of the thesis has been prepared which 
summarises the recent finding on the chemical constituents 
of Pueraria tuberosa alongwith a representative listing of 
the various chemical compounds and the pharmacoloqrical 
importance associated with different Pueraria species spread 
all over the world. The dissertation also proposes a 
biogenetic sequence for the evolution of Pueraria tuberosa 
pterocarponoids and carries their biomimetic transformation. 
It also covers the phytochemical examination of Verbena hvbrida 
Chapter It Genus Pueraria; A Retrospect. 
Pueraria is a large perrenial climber belonging to 
family Leguminosae. It is commonly known as 'Kudzu* and 
is classified into 35 species according to their geo-morpho-
« o 
logical factors . It grows wildly in Indian Subcontinent, 
Southeast Asia, Indo-China regions, Phillipines, Pacific 
2 
coasts, Japan and United States of America . 
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Puerarla finds mention in the age old medical treatise 
3 4 
of India, China, Burma and Thailand * . The genus constit-
utes a variety of natural products from linear acetogenins, 
steroids, triterpenes and their glycosides, acetate-
shikimate derived (C^-C^-C^) natural products covering 
chalcones, isoflavones, isoflavanone and pterocarponoids to 
amino acids, peptides and related nitrogenous products. 
The flavonoids constitutes the major bulk of natural 
products from Pueraria. Much earlier, there has been 
elaborate biosynthetic studies to demonstrate the partici-
pation of chalcones in the biogenesis of Pueraria flavonoids , 
A couple of biogenetically interesting natural 
products deviating from the normal phenyl propanoid proto-
types are also reported from the genus. The benzoxinone 
derivatives, the potent antiestrogen miroestrol alongwith 
the benzoiate and cinnamate derivatives. 
Pueraria exhibits a broad spectrum of bioactivities. 
The crude ethanolic extracts have shown antiimplantation, 
antispermicidal and cardiac related activities. The 
clinical study of Pueraria extracts confirmed its anti-
migrane effects ' • The chemical compounds from various 
species of the plant have been identified as fungitoxjc 
• 8 
nematistic and estrogenic in action . 
Chapter II; Chemical Investigation of P.tuberosa: Present 
Report 
Under the project aimed at the identification of 
potencial contraceptive agents from natural sources, 
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Puerarla tuberosa was chosen which showed promising 
contraceptive efficacy in rats and hamsters model. 
Furthermore, the harmonal profile of P,tuberosa extracts 
confirmed the antiimplantation action. The studies 
conducted during the estrons cycle in adult female rats 
showed the vaginal cornification in ovariectoraised rats 
and uterotrophic activity in immature rats at a dose 
level of 150 mg/kg (7 day schedule, post-coitum). 
The chapter covers the isolation, structure 
elucidation and biological screening of the extracts and 
constituents of P.tuberosa. The study resulted in the 
identification of linear fatty acid, phytosterols, 
isoflavones and their glycosides together with a variety 
of pterocarponoid constituents, A number of new natural 
products were also isolated in addition to the known 
compounds from P.tuberosa. 
The various chemical constituents identified from 
P.tuberosa have been summarised in Table 1. 
Chapter III; 
The third chapter has been divided into two categories 
dealing with the biogenesis of P.tuberosa pterocarponoids, 
their biomimetic transformations and synthesis of some 
* 
new natural products from P.tuberosa, 
III.1.1 Biogenesis of Pterocarponoids of P.tuberosa; 
A Proposed Outline 
The proposed biogenetic outline covers the major 
pterocarponoid constituents and their precursor isoflavones 
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Tab le 1: Subs tances i s o l a t e d from P . t u b e r o s a 
S I . 
No. 
Subs tance S t r u c t u r e 
1 . Hexacosanoic ac id CH3(CH2)23CH2C02H 
2 . I somedicarpene 
3 . 3-0-Methylanhydro-
t u b e r o s i n 
4 , Anhydrotuberos in 
5 , I s o t u b e r o s i n 
- 6 -
6, Tuberosol 
7 . Puerarone 
8. la-Hydroxytuberosone o 
9 . Deoxytuberosin 
10. Daidzein 
- 7 -
11. 8-Hydroxydaidzein 
(11) 
12. p-Sitosterol-p-D-
glucoside 
13. Puerarin 
14. 5aidzin H 
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from P.tuberosa. The Scheme I provides an understanding of 
the biogenetic sequence and is in coherence to the genesis 
of other pterocarponoids from the phylogenetically related 
9 10 
species ' of family Legnminosae i.e., Phaseolus vulgaris. 
Pisum sativum and Trifoleum pratense. 
The foregoing contention is supported by the 
isolation of daidzein (15), neobavaisoflavone (16), puerarone 
(17) and deoxytuberosin (18). Again, the isolation of 
tuberosin (20) and isotuberosin (19) indicated the involve-
ment of sterodefined oterocarpan which could be produced 
from the stereospecific reduction of puerarone intermediate 
(17), The formation of 6a-oxy maackianin and 6a-oxymedicarpin 
from their respective pterocarpan suggested the biogenetic 
11 12, link I The fact that tuberosin (20) possess weak antifungal 
13 
activity while la-hydroxytuberosone, a pterocarpenone 
isolated simultaneously during the present investigation 
does not exhibit any anti-microbial activity indicated that 
deoxytuberosin would have been the parent phytoalexins which 
later detoxified to 6a-oxyderivatives (19), (20) and 
finally to pterocarpenone (21) under the influence of 
microbial infection. 
The pterocaroenes which have been prescribed no 
significant role in the biogenetic outline are represented 
by anhydrotuberosin (22), and 3-0-methyl-anhydrotuberosin 
(23). 
- 9 -
(16) 
(23) (21) 
Scheme I 
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III.1.2 3iomimetic Transformation of Isoflavonoids from 
P.tuberosa 
The occurance and structural resemblance of iso-
flavonoids from P.tuberosa suggested to carry out their 
synthetic transformations in a bioraimec fashion to correlate 
the proposed biogenetic Scheme I in absence of any 
unequivocal direct evidence. 
The formation of (+)deoxytuberosin (18) from 
puerarone (17) was done in two steps involving borohydride 
reduction and the subsequent acid-catalysed cyclisation. 
The further conversion of pterocarpan moeity to 6a-oxyderi-
vative was performed on a model substrate 3,9-dimethoxy-
pterocarpan (26) using lead tetraacetate- aq. acetic acid. 
The nearly similar conversion is known for lla-methoxy-
pterocarpan derivative (24) to furnish 6a-hydroxy, 11a-
methylpterocarpan derivative (25) in good yields. However, 
the repeated attempts to convert anhydrotuberosin (22) to 
6a-hydroxy derivative(l9) using wide variety of epoxidising 
reagents resulted in vain and this perhaps could be taken 
as an indication of pterocarpan (18) being the most likely 
precursor of 6a-hydroxypterocarpan derivatives. 
The next biomimetic oroof was furnished by the 
interconversion of tuberosin (20) to la-hydroxytuberosone 
(21). Moreover, the interconversion of anhydrotuberosin (22) 
to 3-0-methylanhydrotuberosin (23) and vice-versa is in 
accordance with the later stages of biogenetic sequence. 
(Scheme II). 
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(21) 
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(22) 
Scheme I I 
Reagents : (a) NaBH.-MeOH (b) g l . AcOH (c ) PbCOAc)^^ (d) Pb(0Ac)4-aq . 
AcOH, 0°C (e) aq . NalO^ ( f ) Z n - g l . AcOH (g) Mel, K2CO3/acetone 
(h) BBr3, CH2CI2, -80°C, N2. 
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i n ,2 Synthesis of Puerarone & Isomedicarpene 
The second part of the third chapter deals with the 
total synthesis of new chromenoisoflayone, puerarone (18) 
and the pterocarpene, isomedicarpene (40 ) starting from the 
common synthetic intermediate natural product, 7-methoxy-
2»,4*-dihydroxyisoflavone (36). The synthesis also confirmed 
the structure of the molecules under study, 
Puerarone (18) was synthetised by the intermediacy 
of isoflavone obtained from the corresponding chalcone (32) 
by condensation of 2-hydroxy-4-methoxy acetoohenone (29) 
and 2,4-diben2yloxy benzyldehyde (31). The oxidative 
rearrangement of chalcone (32) to acetal (33) and finally 
to the benzvl isoflavone derivative (34) used the method 
15 
employed by Farkas ejb ^ , The hydrogenation of isoflavone 
(34) gave isoflavone (36) and its condensation with 3-hydroxy 
isovaleraldehyde dimethylacetal furnished methylpuerarone 
(38) which was demethylated using 3Bro to give puerarone (l7). 
The isomedicarpene natural product which was 
characterised as 3 methoxy-9-hydroxy pterocarpene was 
synthesised from 4'-methoxy 2',4'-dihydroxyisoflavanone (39) 
obtained by the 1,4 reduction of the corresponding isoflavone 
(36). The conversion of isoflavanone to pterocarpene (40) was 
affectetl by refluxing it with MeOH-HCl (Scheme III). 
Chapter IV: Chemical investigation of V.hvbrida 
The last chapter concentrates on the first report with 
respect to the chemical constituents from Verbena hvbrida 
(Verbenaceae), V.hvbrida was chosen for detailed chemical 
HO. /v. .OH 
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\^ 
MeO 
(29) 
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Reagents (a ) Mel, K2C03/acetone (b) BzOCl, K2C03/EttDH (c) 50/, aq.-
NaOH (d) Tl2.(N03)3-MeOH (e ) 1 ^ / aq.-HCl ( f ) 10>< Pd-C/H2 
(g) (CH3)2C(0H).CH2.CH(0CH3)2/C^H5N (h) BBr3, CH2CI2, -80°C 
N2 ( i ) DIBAL-H, THF, -80°C, N2 ( j ) MeOH-HCl. 
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examination due to its early abortefacient activity in 
rats and hamsters model at a dose level of 50 mg/kq. 
The extensive separation using simple silica gel 
column chromatography, flash chromatography and droplet 
counter current methods for ethylacetate and n-butanol 
fraction yielded sterols, triterpenes and iridoid glucosides 
as presented in Table 2, 
Table 2: Substances isolated from V.hvbrida 
SI. 
No. 
Substance Structure 
1. Stigmastan-3-one 
(41) 
2. p-Sitosterol 
* 3. Ursolic acid 
(43) 
-17-
4 , Lupeol 
5 , Verbenalin 
6. Hastatoside 
CO2M 
7 . Hybridoside 
(46) 
HO 
H0H2C I 
o 
HO 
(47) 
OH 
OH 
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Preface 
The medicinal importance of plants was realised in 
India since ancient times. Charak and Susurata Samhita 
comprised of important aspects of Ayurvedic medical system 
and dealt with the plant drugs of ancient India in depth 
and details. It provided definite properties of crude 
drugs in use of various ailments including the specified 
symptoms of the diseases. 
There are ample examples of plant drugs having 
immense value in the treatment of various disorders. The 
investigations have resulted in the isolation of pure 
active principles. For example, Papaver somniferum have 
furnished morphine and other antitussive agents. 
Rauwolfia serpentina afforded reserpine while Ammi ma1us 
gave 8-methoxypsoralen which is used in curing leucoderma. 
Besides these, many more crude drugs from plants, such as, 
Withania somnifera (Ashwagandha), Commifera mukul (Gugglu), 
Glycvrrhiza glabra (Liquorice) and Cassia auqustifolia (Sena) 
etc. have acquired an important place in modern medicine. 
It is thus, that the plant kingdom is considered as a 
cornucopia of bioactive compounds with considerable potential 
for further investigations. 
The introduction of modern analytical techniques for 
the purification of plant constituents and their structure 
elucidation have greatly stimulated the study of the natural 
i i ) 
products. The phenonmenal progress has been made by the 
introduction of efficient separation techniques and 
development of sensitive methods of instrumental analyses 
which have made it feasible to study the microquantities 
of natural substances and to determine their structures 
with high order of precision. 
The systematic chemical investigations of herbs 
and shrubs frequently used in the indigenous system of 
medicine have been undertaken during the last four decades. 
These studies have been of imir>ense help in understanding 
the pharmacological, pharmacognostical and clinical 
implications of traditional remedies. 
India, with its climatic and geograohical variations 
possesses extensive forest cover of different types of 
vegetation. Based on the information available from the 
indigenous materia medica in tune with the modern 
scientific standards, the native flora-fauna provides a 
wide field of study. The first few thorough and systematic 
phytochemical studies were initiated in the country at 
Hoffman Institute, Bombay; School of Tropical Medicine, 
Calcutta; Universities of Delhi, Calcutta and later at 
Central Drug Research Institute, Lucknow. A large number 
of research publications, books and monographs have also 
been published dealing with the diverse aspects of Indian 
medicinal plants. 
i i i ) 
As a part of the above programme ana to take full 
advantage of our floral wealth including their vast 
ancient knowledge of herbal medical preparations, Central 
Drug Research Institute, Lucknow, has been carrying out 
the systematic phytocheraical investigation for the last 
three decades. Under the programme, each collected olant 
is subjected to primary pharmacological screening for 
various bio-activities like, anticancer, antifertility, 
antiinflammatory, cardiotonic, spasmolytic and diuretic 
action. The plants with confirmed bioactivities are taken 
for detailed chemical examination. 
Pueraria tuberosa and Verbena hybrida which showed 
confirmed antiimplantation activity in detailed pharmaco-
logical screening in female rodent models were chosen to 
isolate and characterise the active component!s). 
The first chapter of the thesis consists of an 
overview of the sources, structures, pharmacological 
properties and the folklore importance associated with 
various Pueraria species distributed globally. 
The second chapter covers the detailed chemical 
investigation 6f P,tuberosa (Leguminosae). Over a dozen 
natural constituents have been reported irfcluding new 
compounds of isoflavones, pterocarpene and lignan pro-
totypes. The structure of these constituents were 
elucidated using modern physico-chemical technigues of high 
resolution mass spectrometry and Fourier Transform nuclear 
iv) 
magnetic resonance in addition to the chemical degradation 
studies. 
The concept of biogenesis is the most important aspect 
of natural products chemistry and provides an insight into 
the ways the nature makes various molecules. It does not 
only help in solving the complex structural problems but 
also gives stimulus in searching the intermediate structures 
predicted by theory. Furthermore, the understanding of the 
phenonmenon helps in designing new and novel synthetic 
routes to the complex natural products. Keeping in view of 
these directives, the semisynthetic chemical transformation 
studies on the isoflavonoid constituents of P.tuberosa were 
carried out and are described in the first section of the 
third chapter. The study provided an understanding of the 
biogenetic pathway. The second part of the third chapter 
covers the total synthesis of novel pterocarpene and 
isoflavone starting from the common intermediate to provide 
the larger quantities of the related natural products and 
to yield the precursors of other natural products of almost 
similar structures. 
The fourth chapter describes the detailed chemical 
investigation on Verbena hvbrida (Verbenaceae) which 
furnished different phytosterols, triterpenes and iridoid 
glucosides of biogenetically related structures. 
Chapter - I 
Genus Puerarla; A Retrospect 
1.1 Introduction 
1 2 Puerarla * is a genus belonging to family Leguminosae 
(subfamily, Papilionaceae) and commonly known as Kudzu. It 
is a large perrenial climber and is cultivated as forage 
crop in the warm regions of the world. 
The genus has a cosmopolitan distribution in tropical, 
subtropical and temperate zones. It is classified into 35 
species depending on their geo-morphological factors and is 
located extensively in temperate climatic zone. It grows 
widely in Indian subcontinent. Southeast Asia, Malaysia, 
Phillipines, Pacific coasts and Japan. 
Out of the various Pueraria species, P.thunberaiana. 
P.pseudohirsuta and P.thomsonii are distributed in Korea, 
Vietnam, China and Northeastern provinces of Russia, whilst 
P.montana. P.mirifica and P.tuberosa are localised in 
3 
Phillipines, Taiwan, Thailand, Burma, India and Pakistan . 
P.lobata and P.edulis which is wide spread in Fareast 
and Japan were introduced in North America and Hawaii islands 
4 
for green manuring and as a soil conservating plant . 
1.2 Biological Activity and Ethanobotanical Importance 
The genus is considered of profound medicinal value and 
described in the ancient medical literature of oriental 
worlds of India and China. 
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In India, P.tuberosa finds mention in age old Ayurvedic 
system of medicine for wide variety of ailments. It is 
used as aphrodisiac, galactogogue, diuretic and alterative 
agent. It is also prescribed in leprosy, biliousness and 
diseases of blood . Pueraria tubers are used in fever, 
rheumatism and as an emetic tonic by many tribes of India, 
An important medicament in Chinese system of traditional 
medicine, it is reported to possess activity against cardiac 
disorders and is used as food in femine due to its high 
contents of starch, calcium, iron and vitamins. 
The traditional China preparation 'Gehua* contains dried 
roots of P.lobata and is used as antipyretic, antispasmodic 
and perspirating agent. It is also used to enhance 
metabolism of alcohol. The commercially available crude 
material could be divided into two types according to the 
morphological features. The first type which is fibrous 
and grey contains less starch and more isoflavonoids. The 
second type which is white and powdery contains good quantity 
of starch and is considered to be better in action by local 
7 
people. The Burmese plant P.mirifica is mentioned in old 
3uddist literature and is still used to cure common hormonal 
disorders (imbalances) by the local priests. The plant has 
a reputation as rejuvenator and is called as 'Kwao' in Burma 
and Thailand®. 
-3-
1.3 Chemical Constituents 
In view of the immense folklore medical significance 
attributed, detailed chemical investigation of this genus has 
been undertaken by many researchers throughout the world. An 
attempt has been made to review the uptodate work on sources, 
structures and pharmacological properties of genus Pueraria 
in terms of its varying chemical constitttents. 
Following chemically distinct classes has bepn 
identified from various species of Pueraria. 
1.3.1 Minor Flavonoids 
The present treatment for minor flavonoid deals 
with chalcones, flavones and related structural entities 
only, 
Chalcones are considered as the common intermediate in 
the biosynthesis of flavones, isoflavones and other similar 
natural products. The presence of chalcones along with the 
biogenetically related flavone and isoflavone from the 
9 
genus lends credence to the biosynthetic route . 
The extensive chemical studies on P.lobata have 
confirmed the presence of isoliquiritigenin (1) and naringenin 
chalcone (2> as the key intermediates. The tracer studies 
have confirmed the participation of these chalcones in 
biosynthesis of flavanone, flavone and isoflavanones in 
Pueraria , In a recent communication Nohara and 
coworkers have reported the isolation and characterisation 
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of three major flavonol glycosides from the methanolic 
extract of P.lobata along with a few triterpenoidal 
constituents. The glycosides were identified as rutin (3), 
robinin (4) and nicotiflorin (5). 
The isolation of quercetin (6), the flavonol component 
by Kurihara and Kikuchi in addition to the essential oils 
12 from P.thunberqjana further supported the 2-phenylchroman 
arrangement of the basic C^^ (^ 5-^ 3-^ 6^  ""^* ^* *^ ® primary 
biosynthetic stage. 
1,3.2 Isoflavones 
A large number of isoflavones have been identified 
from the genus. The bulk of these are represented from 
P.thunberqiana which varies from simple 4*,7-dihydroxyiso-
flavones to the biologically important 5-desoxyisoflavone 
in addition to other structural variants. The foremost 
isolated 4',7-dihydroxyisoflavone (daidzein, 7) is the 
major isoflavone obtained from various species of Pueraria. 
It has been identified from the flower petals and rhizomes 
12 13 
of P.thunberqiana » and from the underground portions of 
P.tuberosa^^. 
The presence of rarely encountered 4*-methoxy-7-. 
hydroxyisoflavone (formononetin or biochanin-B, 8) has been 
15 detected in P.thunberqiana . Its occurance has been 
previously demonstrated in the heart wood of Virola 
multinervia. an Amazon originated Myristicaceae plant . 
-5-
4',5,7-.Trihydroxyisoflavone (genistein, 9) was first 
17 identified from the hydrolysed leaves of Genista qertnanica 
and its presence was later established in P.thunberqiana 
12 by Kikuchi and coworkers along with some other isoflavanoids. 
The compound (9) is indexed under two more names in the 
chemical literature data, i.e., prunetol and sophoricol, 
owing to its previous encounter in non-leguminous plant wood 
18 
of Prunus aequinoctialis (Rosaceae) and fruits of Sophora 
19 japonica respectively. 
^'-Methoxy-5,7-dihydroxyisoflavone (biochanin-A, 10), 
isolated from the aerial portions of Trifolium pratense 
15 
was also identified from the flowers of P.thunberqiana 
The highly substituted 4',6•-dimethoxy-5,7-dihydroxy-
isoflavone (irisolidone, 11) was extracted from Iris 
21 
nepalensis (Iridaceae) in 1965 and later its presence in 
12 flower petals of P.thunberqiana was reported in 1973. 
22 P.tuberosa. the native? species of India is 
distributed throughout the hilly tracts of the country upto 
an altitude of 1,20C metres. It has been used in various 
ailments by the nomadic tribes of Jammu & Kashmir region 
23 
and Assam . It is also reported to contain a number of 
isoflavones. The presence of daidzdin (7) • and the dihydro-
daidzein (12) which has been previously identified from 
24 
Pericopsis mooniana , was the lone isoflavanone representative 
along with the prenylated compound characterised as neobava-
isoflavone (13)^^. 
-6-
(1) R = H 
(2) R = UH 
(3) R^ = Rutin, R^ = H, R^ - OH 
(4) R-^  = Galac-rham, R^ = Rham, R^  
(5) R^ = Rutin, R^ = H, R^ = H 
HO 0 
(6) 
R'^ O 
(7) RJ H, R'-^  = H 
(8) R^ = Me, R'^  = H 
(16) R^ - H, R^ := Glu 
(17) R^ = Me, R^ = Glu 
(22) R^ = Glu, R^ = Glu 
{'>) R^ --. H, R^ = H 
(10) R^ = Me, R2 = H 
> J- ft D'*-
OR-
(18) R' 
(19) R-"- = Me, R^ 
H, R^ = Glu 
Glu 
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The Pueraria species found in the northeast region 
of Asia-Pacific have also been investigated for their 
isoflavone contents. The isolation of daidzein (7), 
formononetin (8) and genistein (9) were reported from 
Puerariae Radix and from voluble stems of P. lobata^^. 
4',6-Dihydroxy-7-methoxyisoflavone (kakkatin, 14) 
has been isolated from Chinese Pueraria flowers of unidentified 
28 
species 
In a separate study the callus tissue of P.lobata 
were analysed for daidzein (7) and genistein (8) along 
with some other aliphatic natural products. The quantit-
ative changes of isoflavonoids during the growth of callus 
tissue were investigated using duel-wavelength TLC scanner 
2Q 
at 250 nm and 4(X) nm . 
Recently, the presence of a penta-substituted iso-
prenylated compound characterised as 2',4*,7-trihydroxy-5•-
methoxy-6'-(3,3-dimethylallyl)isoflavone (kwakhurin, 15) 
30 has been reported from P.mirifica 
1.3.3 C- and 0-qlvcosyl isoflavones 
The current spurt in the discovery of isoflavone 
glycosides from natural sources have been mainly as a 
result of more extensive investigation owing to the use of 
modern separation and spectroscopic techniques. Amongst 
the isoflavone glycosides of Pueraria, predominance of 
0-glycosylation is observed with almost similar substitution 
pattern. Interestingly, the very first C-glycoside 
- 8 -
2 R 0 ^ o 
HO 
(11) R^ = 
(20) R^ = 
(21) R^ = 
'0 \ 
0 
Me, 
Me, 
Me, 
\f% 
U^Ce 
R^ = H 
R^ = Glu 
R^ = Xylo-glu 
( 1 2 ) ( 1 3 ) 
MeO 
(14 ) 
HO 
( 1 5 ) 
o^Cw OMe 
%oA=A^ OH 
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reported from any natural source is represented from 
P.tuberosa but subsequent investigations have illustrated 
their rarety in various other species of Pueraria. 
/ % 14 
Daidzein-7-O-glucoside (daidzin, 16) , foimononetin-
7-0-glucoside (ononin, 17)^, genistein-7-O-glucoside 
(genistin, 18)^^, biochanin-A-7-O-glucoside (astroside, 
19)^^, irisolidone-7-O-glucoside (Vcakkalidone, 20)^^ and 
32 irisolidone-7-O-xylosylglucoside (kakkalide, 21) were 
reported from the polar n-butanol fraction of P.thunbergiana 
Among the other notable isoflavone glycosides, 
daidzein-4',7-di-O-glucoside (22), daidzein-8-C-glucoside 
(puerarin, 23), PG-1 (24) and methoxy derivative of PG-1, 
coded as PG-2 (25) are the major natural products detected 
29 from the callus tissue of P.lobata . 
30 The presence of irisolidone-7-O-glucoside (20) , 
hydroxy and methoxy variants of puerarin characterised as 
3'-hydroxypuerarin (26) and 3'-methoxypuerarin (27) are 
worth mentioning from a combined collection of Pueraria 
species of Chinese origin constituting Puerariae Radix, 
the major portion of traditional of medical preparation 
33 
of China . Subsequently the isolation of irisolidone-7-
0-xylosylglucoside (21) and puerarin xyloside (28) were 
34 
also reported by Japanese workers . Apart from daidz^in 
(7), daidzin (16) and puerarin (23), the Puerariae Radix 
have also yielded daidzein-4',7-di-O-glucoside (22) as the 
35 
major glycosidic compounds 
-lo-
in an extensive study on the chemical constituents 
of P.lobata many more biogenetically interesting isoflavone 
glycosides were isolated and their constitution were 
established as; daidzin (16), daidzein-4',7-di-O-glucoside 
(22), genistin (18), genistein-8-C-glucoside (29), 
puerarin (23), puerarin xyloside (28), daidzein-8-C-apiosyl 
(1^6)glucoside (30), genistein-8-C-apiosyl (1-^6) 
glucoside (31), PG-1 (24) and PG-3 (32) from the fresh root 
27 
and voluble stems by Nohara et_ al_ , 
The occurance of acylated isoflavone glycoside was 
confirmed in the genus with the isolation of 4',6" -di-0-
13 
acetylpuerarin (33) along with daidzein-8-C-glucoside 
(23) from the underground portions of P.tuberosa. It is 
the foremost communication of esterified C-glycosides from 
the leguminous or non-leguminous plant sources and has the 
specificity of combining three structural features: 
C-glycosylation, esterification of hydroxyl group of sugar 
moiety and phenolic part. 
Ingham et al^ , identified a novel puerarin derivative, 
puerarin-6" -0-P-apiofuranoside (34) from the n-butanol 
fraction of Burmese plant P.mirifica . 
« 
The least examined species in the genus are P.montana. 
P.tonkiensis and P.thomsonii from Taiwan and Northeastern 
regions of Asia, A few 0-glycosides namely irisolidone-7_ 
0-glucoside (20) and tectorigenin-7-O-glucoside (35) have 
31 been detected by physico-chemical methods , 
- 1 1 -
(23) R^ = Glu, R2 = H, R3 = H (24) R^ 
(26) R^ = Glu, R2 = H , R^ = OH (25) R^ 
(27) R^ = Glu, R2 = H, R^ = OMe 
= Glu, R^ = H 
= Glu, R^  Me 
(29) R^ - Glu, R2 = H, 
(30) R^ = Ap iosy l ( l - » . 6 )g lu , R^ 
(31) R^  = A p i o s y l ( l - » 6 ) g l u , R^ 
H 
^OAc 
(33) 
(35) 
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1.3,4 Pterocarponoids 
Insoite of the preponderance of isoflavones, the 
genus Pueraria also contains a considerable number of 
pterocarponoids. The pterocarponoids are primarily accumu-
lated in response to attempted colonisation of the plant 
organ or tissue by the pathogenic microbes, rr.ost often 
37 38 fungi or bacteria ' , The chemical examination of the 
genus resulted in the isolation of a number of simple and 
complex pterocarponoids serving as phytoalexins or myco-
toxic agents to the plant. 
The simple 3,9-dihydroxypterocarpan-6a-ol named 
glycinol (36) was obtained from the seeds of leguminous 
39 ' 
plant Glycine max . The same compound was later r^oorted 
40 in P.thunberqiana by Ingham et_ a_l_. . The second pterocar-
pan-6a-ol characterised as tuberosin (37) was reported 
from the rhizomes of P .thunberqiana and chloroform fraction 
of the fresh tubers of P.tuberosa . The compound (37) 
incorporates the cyclised isoprenoid system in the form of 
a linearly disposed 2,2-dimethylchromene ring constituting 
the part of the structure of the molecule. 
The extensive search for the pterocarponoids from 
P.tuberosa resulted in the isolation of anhydrotuberosin 
(38) and 3-C-methylanhydrotuberosin (3<^ ) frorr oterocarpenes 
sub-class while tuberostan (40) and a postulated fungal 
metabolite, la-hydroxytuberosone (41) helonaing to the 
a: 
pterocarpone and pterocarpanone sub-class of compounds 
43 
respectively were reported froni P .tuberosa . Tuberosin 
(37) is the sole example of 6a-oxypterocarpan sub-class of 
- 1 3 -
(36) (37) 
MeO 
(38) R = H 
( 3 9 ) R = Me 
(40) 
(41) (43) 
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41 
natural product isolated so far from P.tuberosa 
Puerariae Radix, in addition to simple 4',7-di- and 
4',5,7-trioxy isoflavones which are considered as its 
active principle, have also yielded glycinol (36), 
tuberosin (37) and a biogenetically interesting coumestan 
derivative puerarol (42), of which later incorporates the 
geranyl substituent in its molecular framework 
The biologically potent coumestan derivative 
couraestrol (4jj which has been formerly isolated from the 
27 fresh root and stems of P.lobata was later detected in 
the homogenised extracts of matured callus tissue culture 
29 30 
of P.lobata and roots of P.mirifica in separate 
communications. 
1,3.5 Triterpenes and their Glycosides 
Pueraria lobata, in addition to a large number of 
isoflavones have also furnished triterpenolHs of varying 
structural features. However, there has been no earlier 
report with respect to the occurance of triteroenoidal 
ingradients in the genus Pueraria till their presence was 
44 demonstrated in the leguminous plant Glycine max and 
45 Astragalus membranaceus which made it chemotaxonornically 
quite natural to encounter them in the genus Pueraria. 
The major triterpenes were extracted as aglycones 
and were characterised using different spectroscopic 
techniques including the high resolution 2-D NMR and X-rays 
- 1 5 -
CH2OH 
( 4 4 ) 
( 4 4 ) R^ = OH, R^ = OH 
( 4 5 ) R^ = OH, R^ = H 
( 4 9 ) R^ = H, R^ = OH 
( 4 6 ) R^ = OH, R^ = H 
( 4 7 ) R^ = H, R^ = OH 
N^^ ^CH20H 
( 4 8 ) R = CH2OH 
( 5 0 ) R = 0 0 2 ^ 6 
( 5 1 ) R = CO2H 
HO2C 
O yVN '^ 
( 5 2 ) R =0H 
( 5 3 ) R = CH2OH 
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crystallography in addition to the chemical degradation 
studies. 
Soyasapogenol-A (44), soyasapogenol-3 (45), 
sophoradiol (46), cantoniensistriol (47), kudzusapogenol-A 
(48), kudzusapogenol-C (49) and methyl ester of 
kudzusapogenol-B (50) along with kudzusapogenol-3 (51) 
46 
were identified from Puerariae Radix 
With the isolation of 3-0-[a-L-rhamnopyranosyl (1^2)-
a-L-arabinopyranosyl(l->2)-P-D-glucopyranosyl] sophoradiol 
(52) and 3-0-ra-L-rhamnopyranosyl(l->2)-3-D-galactopyranosyl 
(l->2)-p-D-glucopyranosyl]sophoradiol, i.e., kaikasaponin III 
(53) from the flowers and leaves of P.lobata the 
occurance of triglycosides was established in the genus. 
1.3.6 Phvtosterols & Linear Acetoqenins 
The presence of phytosterols can be considered as 
a part of the triterpenes with regard to their biogenetic 
47 
stand point but the sufficiently distinct variations in 
the skeleton and their occurance prompted its separate 
categorisation. 
The study of the matured callus tissue contents of 
P.lobata resulted in the characterisation of P-sitosterol(54) 
and stigmasterol (55) which were detected by the mass 
29 
coupled gas chromatographic (QC-MS) technique . 
Another chemically distinct class of compounds derived 
from acetogenesis included linear fatty acids and their 
-17-
presence was again demonstrated by the QC-MS analysis of 
a mixture of methyl palmitate, methyl linolenate and methyl 
29 
stearate from the tissue culture extracts of P,lobata 
1.3.7 Amino acids. Peptides & Related Products 
The chemical examination of the fresh tubers of 
P.tuberosa established the presence of amino acids and 
peptides in significant amount. The aqueous extract of the 
plant material showed the presence of the following 14 free 
amino acids in addition to an unidentified oligopeptide 
which furnished 8 amino acids on its subsequent enzymatic 
hydrolysis . 
Alanine 
Arginine 
Asparagine 
Citrulline 
Glutamic acid 
Glycine 
Histidine 
Hydroxyproline 
Isoleucine 
Leucine 
Lysine 
Methionine 
Phenyl alanine 
Proline 
Threonine 
Valine 
3reuner and Niederwieser's method of two-dimensional 
thin layer chromatography was employed for the detection 
of these amino acids. 
More recently, the aerial portions of P.lobata has 
been shown to possess a tryphtophan amino acid derivative PF-P 
(56) which possessed a C-glycosidic linkage attached to the 
ring-nitrogen of tryptophan residue 49 
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1.3,8 Miscellaneous Natural Products 
There have been substantial number of reports 
regarding the occurance of diverse natural products 
structurally deviating from the normal phenyl propanoid 
prototypes in the genus Pueraria. 
The dried roots of P.lobata have been used for the 
treatment of ameleorite crapulence and to relieve severe 
headache* It has also been used as diaohoretic, antitussive 
26 
and antidiarreal agent . The species is reported to 
contain a pair of structurally related phenyl benzoxocinone 
compounds. The novel glycosides 5-[[6-0-(6-deoxy-a-L-
rhamnopyranosyl)-P-D-Glucopyranosyl]oxy]-5,6-dihydro-9-
hydroxy-4-(4-hydroxvphenyl)-2H-l-benzoxocin-2-one(pueroside-A, 
57) and 5-(p-D-pyranosyloxy)-4-f4-(p-D-glucopyranosyloxy) 
phenyl]-5,6-dihydro-9-methoxy-2H-l-benzoxin-2-one 
(pueroside-8, 58) were isolated and characterised by Nohara 
50 
and coworkers in 1985. 
51 Cain in 1965 reported the isolation and structure 
elucidation of an estrogenic component miroestrol (59) 
from the tubers of P.mirifica with the help of X-ray 
crystallography of its mono-bromo derivative and analysis 
of the parent compound by other physico-chemical means. The 
molecule (59) is supposed to have biogenetically evolved 
from condensation of an isoprene unit and a partly reduced 
52 isoflavene nucleus . 
- 1 9 -
M e O ^ ^ O ^ 
KK 
(57) (58) 
^^^\(M 
(59) (63) 
-20-
Index 1: A list of Chemical Constituents from genus Pueraria 
Species Compound Number Reference 
1. P.lobata (1) (2) (3) (4) (5) (7) (8) 
(16) (18) (22) (23) (24) 
(25) (28) (29) (30) (31) 
(32) (43) (52) (53) (54) 
(55) (56) (57) (58) 
2. P.thunberqiana (6) (7) (8) (9) (10) (11) 
(16) (17) (18) (19) (20) 
(21) (36) (37) 
3 . Puerar iae Radix (7) (8) (9) (16) (20) (21) 
(22) (23) (26) (27) (28) 
(36) (37) (42) {A4) (45) 
(46) (47) (48) (49) (50) 
(51) 
4 . P. tuberpsa 
5 . P .mi r i f i ca 
6. Miscellaneous 
species 
(7) (12) (13) (23) (33) (37) 
(38) (39) (40) (41) 
(15) (34) (43) (59) 
(14) (20) (35) 
10,11,14, 
27,29,49,50 
50 
12 ,13 ,1^ , 
15,31,32, 
40 
26,33,34, 
35,46 
13,14,25, 
41,42,43 
30,36,51 
28,31 
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The homogenised extracts of the stationary phase 
matured callus tissue of P.lobata were analysed for 
methyl 2,4-dihydroxybenzoate, methyl trans-hvdroxvcinnamate. 
29 
and methyl £-hydroxybenzoate 
1.4 Pharmacological Properties and Uses of Compounds 
from Pueraria species 
In the preliminary pharmacological testing the 
Pueraria species have exhibited a broad spectrum of activities 
The screening of the crude alcoholic extracts of different 
Pueraria species were found to possess antiimplantation, 
antispermicidal and cardiac related bio-activities. 
The alcoholic extracts of P.pseudohirsuta showed 
53 P-adrenergic receptor blocking effects while that of 
Puerariae Radix was reported to affect the myocardial 
54 
metabolism and coronary blood circulation in dogs . The 
widely studied species for its chemical constituents, 
P.thunberoiana was tested as an antipyretic agent in typhoid 
vaccine pyrexia in rabbits and for its papaverine like 
antispasmodic activity on the isolated ileum and jejunum 
of rats. The n-butanol fraction showed preventive and 
therapeutic effects in alcohol intoxication. Anti-
inflammatory activity was also reported from crude extracts 
of P.thunberoiana . 
In a clinical study fifty three cases of migrane 
were treated with crude extract of Puerariae Radix, when 
-22-
administered orally in the form of tablets it showed the 
efficacy upto 8 ^ in phase I clinical trials without side-
effects^^. 
The chemical compounds isolated from various Pueraria 
species have also displayed an exceedingly diverse range of 
pharmacological properties. A considerable number of 
pterocarponoids and other isoflavone molecules with iso-
prenoid substituents works as an antibiotic to the plant 
organs against the inoculation of pathogenic microorgani-
57 58 
sms » . These defensive components are constitutively 
distributed in different portions of root, stem, bark, leaf, 
flower seed and young tissues. 
A few isoflavonoids are nematistic and antibacterial 
with preference to Gram-negative strains of bacteria. 
Pterocarponoids and a range of other isoflavones which 
enlists daidzein (7), formononetin (8), genistein (9), 
biochanein-A (10) and their respective glycosides have been 
found to terminate or slow-down the growth of root and apex 
bodies of different plants. Thus, the antiauxin and mild 
antigibberalin activities associated with these compounds 
59 
may perhaps function as natural growth regulators . 
A few compounds have also been identified as either 
estrogens or pro-estrogens, i.e., compounds which may be 
transformed into more active estrogenic substances inside 
60 the body , The most important amongst them are daidzein 
(7), formononetin (8), genistein (9), biochanin-A (10) and 
-23-
coumestrol (42). Of these isoflavones, genistein (9) and 
biochanin-A (10) possessed weak estrogenic activity whereas 
formononetin (8) and coumestrol (42) are considerably more 
potent but much less than the ovarian estradiol (60 ) and 
synthetic estrogen diethylstilboestrol (61), to which they 
bear a profound structural resemblance (Chart I). 
(61) 
(7) R^ = H, R2 = H 
(8) R^  = Me, R^ = H 
(9) R^ = H, R2 = H 
(10) R^ = Me, R2 = H 
(60) 
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The competition in estrogenic activity among these compounds 
is relative to their mode of action. The genistein (9) and 
biochanin-A ( 10) were converted into inactive phenolic 
entity £-ethylphenol (62) while formononetin (8) was first 
demethylated to daidzein (7) and then hydrogenated to 
estrogenic isoflavan, equol (63) in the zoan media and is 
resistant to further breakdown. The coumestrol (42) appears 
to be less amenable to metabolic degradation and hence acts 
more effectively . The reason for this difference in 
biodegradation mechanism could not be ascertained. 
63 
Recently, a group of Chinese workers have reported 
the antihypertensive activity in puerarin (23) which is 
already known to dilate coronary artery and to decrease 
blood pressure by lowering the resistance of collateral 
blood flow to the regional myocardial ischaemia. Puerarin 
(23) also acts in cardiac haemodynamics 
-25-
Table 1: Minor biological properties of compounds isolated 
from genus Pueraria 
Property/Use Compounds 
Daidzein 
Genistein 
Genistin 
Daidzein 
Genistein 
Tuberosin 
Tuberosin 
Tuberosin 
Genistein 
3iochanin-3 
Tectoridin 
References 
6d,65,66 
67 
65,66 
68 
41 
41 
69 
70 
1, Anti-haemolytic activity 
2, Anti-spasmodic activity 
3, Anti-oxidative activity 
4, Anti-microbial and anti-
tubercular activity 
5, Anti-bacterial activity 
6, Anti-fungal activity 
7, Anti-ulcer activity 
8, Diuretic property 
9, Enzyme inhibition: 
a) Catechol-0-methyl transferase 
transferases 
b) EXDPA decarboxylase 
c) Dopamine p-hydroxylase 
d) Histidine decarboxylase 
e) Lipase 
f) Hypocholesterolemic 
activity 
g) Hypolipidemic activity 
Genistein 
Genistein 
Genistein 
Genistein 
Daidzein 
Genistein 
Daidzin 
aiochanin-A 
Biochanin-3 
Biochanin-A 
Biochanin-B 
71 
7 2 , 7 3 
72 
72 
74 
75 
76,77 
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II.1 Biological Activity 
1 2 Pueraria tuberosa * DC is corwnonly known as 
Vidarikand in Vernacular language. It is also called as 
'Indian Kudzu* since it resembles the common 'Kudzu* 
in many features. The tubers are huge, 30-35 cm broad 
and 40-60 cm long weighing upto a maximum of 40 kg. The 
tubers are used for the extraction of starch and are 
occassionally eaten raw. They have been traditionally 
used for fertility regulation by nomadic tribes in 
Jammu-Kashmir and Assam States of the country. The 
preliminary pharmacological screening of crude ethanolic 
extract of tubers have confirmed the post-coital 
contraceptive efficacy. 
Apart from our observation, a number of other 
3 4 
reports * also confirmed the antifertility effect of 
P.tuberosa in rats. The hormonal profile of P.tuberosa 
extracts confirmed its anti-implantation action. The 
follow up studies undertaken during estrous cycle in adult 
female rats have shown vaginal cornification in ovari-
ectomised animals and uterotrophic activity in immature 
rats at a minimum dose level of 150 mg/kg body weight 
in a 7 day schedule (post-coitum). 
The estrogenic activity was further confirmed by 
the biochemical and histological alteration observed in 
the uterus, cerix and vagina of the ovariectomised rats 
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with increased glycogen content, protein concentration, 
activities of acid and alkaline phosphatase and the total 
cholesterol level in these organs with 125 mg/kg dose 
level. The changes in estrogen primed uterine endometrium 
of immature rabbits at 200 mg/kg dose level showed the 
progestogenic activity. 
In histological studies, the crude ethanolic extract 
of P.tuberosa stimulated the uterine structure and caused 
metaplastic changes in cervix epithelium with marked 
cornification. It also increased the number of vaginal 
epithelial cells. From these studies, it was evident 
that a naturally occurring mixture showed both the estro-
genic and progestogenic activities in the same extract 
and this may be responsible for the contraceptive efficacy 
of the plant. In view of these observation further studies 
on the chemical constituents of P.tu^erosa were planned. 
II.2 Chemical Constituents : Present Report 
In view of its potent anti-implantation activity, a 
detailed chemical investigation was umJert^ken to isolate 
and characterise the active constituents. The 95'/' ethanolic 
extract possessed lOOyi activity in rats and hamsters model. 
On further fractionation the activity got concentrated in 
chloroform and n-butanol fractions which on repeated 
column and flash chromatography led to the isolation of 
several compounds as listed in Table 1. 
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Table 1: Substances isolated from P.tuberose 
S I . Substance 
No. 
Molecular 
formula 
m.p. 
(OC) 
Identified as 
1. Substance A 
2. Substance B 
3. Substance C 
4. Substance D 
5. Substance L 
6. Substance F 
7. Substance G 
8. Substance H 
9. Substance I 
10. Substance J 
11. Substance K 
12. Substance L 
13. Substance M 
14. Substance N 
^26^52^2 ^^ 
^16" l2°4 
^21^18^4 
^2o" l6°4 
^2o" l8°5 
^ 2 l " l 8 ° 4 
^20" l6^5 
^2o"l8'^6 
^2o" l8°4 
^15^10^4 
^ i s^ io '^s 
133 
165 
185 
-
17 8 
-
132 
-
32C 
-
^35"60°6 ^83 
'2l"20S 8^^ ^ 
^21^20^9 236 
Hexacosanoic acid 
Isomedicarpene* 
3-0-Methylanhydro-
tuberosin 
Anhydrotuberosin 
Isotuberosin* 
Tuberosol* 
Puerarone* 
la-Hydroxytuberosone 
Deoxytuberosin 
Daidzein 
8-Hydroxydaidzein* 
P-Si tos te ro l -P-D-
alucoside 
Puerarin 
Daidzin 
•New Natural Products 
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Substance A 
It was crystallised from hexane-benzene. The mass 
spectrum showed molecular ion peak at rr./z 396 which 
corresponded to the molecular formula C2^H^202* ^^ spectrum 
of substance A showed absorption bands at 3460 and 1740 cm~ 
and a loss of 60 mass units from the molecular ion was 
exhibited in the mass spectrum which established the 
5 
presence of carboxyl group in substance A , Besides these 
the mass spectrum also showed the fragment ion peaks formed 
by the successive loss of 14 mass units which suggested 
it to be a long chain fatty acid , In its PMR spectrum, 
a three proton triplet at 6 0,87 has attributed to methyl 
group, a broad singlet at 6 1.27 for pclymethylene protons 
and a two proton triplet at 6 2.25 for the methylene 
protons adjacent to carboxyl grouo. All the above data 
and a thorough comparison with an authentic sample were 
consistent with the hexacosanoic acid structure (l) for 
substance A, 
Substance 3 
It was found in mixture with 3-0-methyl anhydro-
tuberosin and repeated crystallisation -jave it as pale 
yellow crystals. The UV absorption maxima of substance 3 
at 280, 306 and 355 nm was indicative of the pterocaroene 
0 
prototype . The mass spectrum of substance B exhibited 
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the molecular ion peak at m/z 268 which was in agreement 
with the molecular formula ^1^12'^A* ^^^ ^^ spectrum 
showed the presence of hydroxyl group at 3400 cm" . The 
9 
characteristic pterocarpene C^-raethylene singlet for two 
protons were observed at 6 5.40 in its PMR spectrum. 
The acetic anhydride-pyridine acetylation of substance B 
gave the monoacetyl derivative which showed the molecular 
ion peaV at m/z 310. Thus on the basis of these data it 
can be inferred that, in substance 3 all the four oxygen 
atoms as accounted by the molecular formula were present 
either as -OH function or as a part of ethereal moiety. 
The ace+ylatlon and alkali induced shift in UV spectrum 
at 305, 350 and 355 nm suggested the presence of one 
oxygen atom as part of the phenolic moiety while the second 
oxyaen atom was a part of the methoxvl group resonating 
at 6 3.70 in the PMR spectrum of parent compound. The 
rest of the two oxygen atoms were accounted for the rina 
system of pterocarpene nucleus of substance B, 
These foregoing data tentatively confirmed the mono-
hydroxy monomethoxypterocarpene structure for substance B. 
The abundant biogenetic pattern of 3,9-dioxygenation in 
pterocarponoids and a study on the substitution pattern 
of other pterocarponoids of P.tuberosa suggested the 
structure (2) for substance B which is named as isomedi-
carpene and was further confirmed by its total synthesis. 
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Substance C 
The UV spectrum absorption maxima of substance C 
at 230, 318, 332, 345 and 360 nm was indicative of the 
p 
pterocarpene nucleus . The mass spectrum exhibited the 
molecular ion peak at m/z 334 which corresponded to 
molecular formula Cg^Hj^gO^. The appearance of a two proton 
singlet at 6 5.52 in the PMR spectrum was characteristic 
of a pterocarpene nucleus. A further analysis of the PMR 
spectrum also showed the presence of a methoxyl group and 
an ABX system of aromatic protons alongwith the evidence 
for the presence of linearly fused 2,2-dimethylchroraene 
ring in the molecule. A sharp singlet at 6 3.81 appeared 
for the methoxyl group while the dimethylchromene ring 
was exhibited by a six proton broad singlet at 6 1.48 and 
A3 set of doublets (J=10.0 Hz) at 6 5.64 and 6.42. The 
presence of two aromatic singlets at 6 6.70 and 7,13 
substantiated the linear disposition of 2,2-dimethylchromene 
ring. The base peak at m/z 319 formed by the loss of 15 
mass units from the molecular ion further substantiated 
11 12 the presence of 2,2-dimethylchromene ring * . The ABX 
system of protons appearing as a one proton doublet at 
6 7,00 (J=8.5 Hz), a one proton double doublet at 6 6.51 
(J=8.5, 2.0 Hz) and another one proton doublet at 6 6.52 
(J=2,0 Hz) supported the attachment of 2,2-dimethylchromene 
ring either at C-3 or at C-9 position in the pterocarpene 
nucleus. The chemical interconversion studies suggested 
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the structure (3) for substance C which was further 
confirmed by a comparison with an authentic sample of 
3-0-methylanhydrotuberosin. 
Substance D 
The UV spectrum of substance D displayed 
absorption maxima at 240, 335, 350 and 362 nm which was 
q 
typical of a pterocarpene nucleus . The mass spectrum 
showed the molecular ion peak at m/z 320 corresponding 
to the molecular formula C2QH,^0^. The PMR spectrum 
further supported the pterocarpene nucleus by exhibiting 
a two proton singlet at 6 5.53 which was characteristic 
9 
for the C-6 methylene group . Substance D displayed no 
characteristic absorption bands in IR spectrum except 
for the hydroxyl function which appeared at 3250 cm" 
as a broad band. The alkali induced shift in the UV 
spectrum of substance D indicated the ohenolic nature of 
hydroxyl function which was further confirmed by the 
preparation of monoacetyl derivative showing molecular 
ion peak at m/z 362 in mass spectrum and a three proton 
sharp singlet at 6 2.28 in the PMR spectrum. The li-NMR 
study of the parent pterocarpene substance D clearly 
exhibited the presence of a 2,2-dimethylchromene ring by 
displaying a broad singlet at 6 1,40 integrating for six 
protons and a set of AB doublets (J=10.0 Hz) at 6 5,72 
and 6.45 integrating for one proton each. The appearance 
of aromatic singlets at 6 7,10 and 6,82 attributed to two 
- 4 2 -
MeO 
(2 ) 
CH3(CH2)23CH2C02H 
(1) 
MeO 
(3) 
(4) R = H 
(5) R = Me 
(6) 
R = H, MS : m/z 305 
R = Me, MS : m/z 319 
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aromatic perl-protons supported the linear disposition 
of dimethylchrotnene ring which was confirmed by the loss 
of 15 mass units from the molecular ion in the mass 
spectrum. An ABX system of protons were confirmed by 
exhibition of one proton doublet at 6 7.30 (J=8.5 Hz), 
single proton double doublet at 6 6.54 (J=8.5, 2,5 Hz) 
and another one proton doublet at 6 6.50 (J=2,0 Hz). These 
foregoing data led to two tentative pterocarpene 
structures (4) and (6) for substance D after accomodating 
the linearly fused 2,2-diraethylchromene as the extra 
heterocyclic ring. A decision was made based on the 
catalytic hydrogenation of substance D using Pd-C which 
gave an isoflavan which was identified by its typical 
1 13 
UV, H-NMR and mass fragmentation pattern . The iso-
flavan (7) showed the retro Diels-Alder fragment ion peak 
at m/z 204, 122 alongwlth the molecular ion peak at m/z 
326. While the diacetyl derivative of isoflavan showed 
the molecular ion peak at m/z 410 which was 84 mass units 
higher than that of the parent isoflavan (7) which accounted 
for the generation of an extra hydroxyl group by opening 
of the constituent furan ring of the pterocarpene nucleus. 
The hydrogenolysis study served to eliminate the alternate 
structure (6) for substance D since the retro Diels-Alder 
fragment ions of isoflavan derived from the pterocarpene 
(6) would have been entirely different. Based on the 
foregoing data the anhydrotuberosin structure (4) was 
represented for substance D. 
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Substance E 
It was obtained as viscous oily material and 
analysed for C2QH,g0c which showed the molecular ion peak 
at m/z 338. The UV spectrum displayed the absorption 
maxima at 225, 280, 312 and 320 nm which was characteristic 
14 
of pterocarpan-6a-ol nucleus . The addition of dilute 
hydrochloric acid shifted the UV absorption maxima of 
substance E at 240, 332, 350 and 362 nm substantiating the 
conversion of substance E into a pterocarpene prototype. 
The alkali induced shift in the UV spectrum indicated the 
presence of free phenolic function in substance E. 
Substance E which exhibited the characteristic absorption 
for hydroxyl group at 3350 cm" in IR spectrum lacked any 
other characteristic absorption bands. Hence, all the five 
oxygen atoms as accounted by the molecular formula were 
accomodated in the molecule either as hydroxyl or as ether 
functions. The analysis of the PMR spectrum of substance E 
disclosed the presence of a linearly fused 2,2-dimethyl-
chromene ring which was further supported by its mass spectrum 
exhibiting a loss of 15 mass units from the molecular ion. 
The observance of a six proton singlet appearing at 6 1.37 
and an A3 set of doublets (J=10.0 Hz) at 6 5.50 and 6.^ 0 
alongwith two aromatic singlets at 6 7,10 and 6.40 established 
11 1? the linear disposition of dimethyl chromene ring * in 
substance E. 
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The PMR spectrum of substance E also showed a 
pair of doublets centred at 6 4.03 (J=12.0 Hz) and 6 4.09 
(J=12,0 Hz) integrating for one proton each assignable to 
the geminally coupled methylene protons at C^ position in 
a pterocarpan-6a-ol nucleus and thus in turn led to the 
conclusion that the tetrasubstituted double bond as placed 
at C^ -C,.g position in a pterocarpene nucleus has been 
functionalised and generated an assymmetric centre at C^g 
position which caused the C^- methylene protons to split 
under magnetic environment. Again, a singlet at 6 5.26 
attributed to one proton at C,, position substantiated 
15 the functionalisation of tetrasubstituted double bond 
at C,g. The nature of the chiral moiety placed at C^^ 
position was decided to be a tertiary hydroxyl group as the 
substance E dehydrated to a known pterocarpene, anhydro-
tuberosin (4) under mild acidic conditions . Furthermore, 
the aceticanhydride-pyridine acetylation of substance E 
yielded 3-0-acetylanhydrotuberosin (5). This monoacetylated 
product was obtained by the elimination of tertiary hydroxyl 
group under basic conditions. The emerging structure for 
substance Ewas in close resemblance to the known crystalline 
product, tuberosin (8) also obtained during the course of 
present study. The C D . spectrum of substance E was found 
to be different to tuberosin and the molecular rotation also 
showed a sign of reversion. These studies suggested the 
optical isomer structure (9) for substance E, named 
isotuberosin. 
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Substance F 
It was obtained as an optically active creamy 
white crystalline material. The preliminary spectroscopic 
analyses suggested the neolignan framework for substance 
17 F , The mass spectrum showed the molecular ion peak at 
ra/z 334 and the molecular formulae CjiH.gO^ was in 
complete agreement. The absorption maxima at 202, 224, 
286 and 326 nm in UV and absorption for hydroxyl function 
as a broad band between 3260-3^80 cm" in the IR spectra 
of substance F were recorded. The PMR spectrum displayed a 
different peak pattern deviating from the characteristic 
fashion of P.tuberosa pterocarponoids and other bio-
genetically related known components. The PWR spectrum 
exhibited a double doublet at 6 3.^6 (J=10.C, 4.0 Hz) 
and a doublet at 6 3,52 (J=4,0 Hz) for one proton each 
18 intercoupled in vicinal manner . The diacetyl derivative 
of substance F which showed the molecular ion peak at 
m/z 418 in the mass spectrum and a downfield shift of 
6 1,25 in the PMR spectrum as compared to the position 
of carbinolic proton at 6 5,40 in the parent molecule 
19 
confirmed the secondary nature of the one -OH group . 
The second, hydroxyl group was decided to be phenolic in 
nature based on its appearance at 6 2.30 in the PMR 
spectrum of diacetate derivative. The mass spectrum showed 
a loss of 18 mass units for water loss from the molecular 
ion. Thus, the four oxygen atoms suggested by molecular 
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formula were accounted for one as a part of secondary 
hydroxyl group, one phenolic unit and two ether moieties 
in the molecular framework of substance F. The further 
elucidation rested heavily on the NMR analyses. The H-
NMR spectrum showed an integration for thirteen protons 
in aromatic region and the complex peak pattern which also 
showed the presence of an ABX system of protons was analysed 
for utmost three substituted benzene rings. The A8X system 
of protons were displayed as a doublet at 6 6.94 (J=8.5 Hz), 
a double doublet at 6 7.03 (J=8.5, 2.0 Hz) and another 
doublet at 6 7.49 (J=2,0 Hz) for one proton. The second set 
of signals exhibited as a multiplet showed an integration 
for three protons at 6 7,27 while the remaining seven 
protons were exhibited as a bunch of signals ranging from 
6 7.33-7.46. 
Furthermore, the spin-spin decoupling experiments 
substantiated the substitution nature of the aromatic 
ring and the olefinic protons. The irradiation of one 
proton doublet at 6 3.52 affected the doublet doublet at 
6 3.46 which now appeared as a broad singlet. On the 
otherhand, the irradiation of double doublet at 6 3,46 
made the doublet at 6 3.52 to collapse into a singlet 
whereab the irradiation of another doublet centred at 
6 5.40 changed the D2O exchangeable one proton doublet at 
6 4,39 into a singlet. These irradiation experiment 
0-0- ^ 
suggested (-CH-CH-CH-OH) as the possible interlinking 
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Table 2 : ^ C^ N.M.R. Chemical Shifts* of Substance F (11). 
(values in S ppm) 
Cartoon < 
C 
a 
S 
S 
Ring-
<=la 
=1 
=2 
^3 
C4 
=4a 
Ring-
= i ' 
S', 
<=3', 
C4' 
Ring-
S" 
• ^ 2 " , 
C^»« 
2 f 
^4 
atom 
-A 
-B 
^6* 
S' 
-C 
^ 6 " 
^5'* . 
^^C N.M.R. 
(BB decoupled) 
51.2 
50.2 
61.5 
135.3 
110.2 
109.8 
156.6 
117.4 
148.7 
112.9 
121.5 
121.6 
119.1 
133.6 
130.1 
128.5 
123.7 
D.E.P.T.-
I 
51.2 
50.2 
61.5 
110.2 
109.8 
117.4 
121.5 
121.6 
119.1 
130.1 
128.5 
123.7 
•Analyses 
II 
51.2 
50.2 
61.5 
110.2 
109.8 
117.4 
121.5 
121.6 
119.1 
130.1 
128.5 
123.7 
* 400 MHz, in acetone and TMS as internal standard. 
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for olefinic protons in substance F. 
13 IQ 
The proton decoupled C NMR spectrum and the D.E.P.T. 
(Distortionless enhancement by polarisation transfer) 
analysis showed the presence of three olefinic methine 
signals at 6 51.2, 5^.2 and 61.5 for a, p and y carbons 
and five quaternary carbon atoms placed at 6 112.Q, 133,6, 
135.3, 1^ 8.7 and 156.6 were also exhibited. However, no 
13 
methyl or methylene carbons appeared in its C NMR analyses. 
The rest of the thirteen methine carbons as accounted by 
molecular formulae were assigned to the aromatic framework. 
The three carbon atoms forming the part of the A3X proton 
system resonated at 6 110.2, 109.8 and 117.4 and the left 
ten carbons were accounted for two monosuhstituted benzene 
ring. All these foregoing data helped to formulate the 
three structural units as: a 1,2,4 trisubstituted and two 
monosubstituted benzene rings for the proposed 1,2 benz-
dioxane neolignan framework for substance F. A comparison 
with the Dublished data of structurally related compound ' , 
e.g. hydnocarpin (10)substantiated the tentative structure 
(ll) for substance F, named tuberosol and which is under 
further investigation. 
Substance G 
It was obtained as reddish oily material and 
analysed for "^ 20^ 16^ 5 ^^ -^^ ^ O"^  i'ts mass spectrum which 
showed the molecular ion peak at m/z 336. A strong 
absorption band at 3^00 cm" for hydroxy function and 
-so-
ls) 
(11) R = H 
(12) R = Ac 
(13) (14) 
(15) (16) R = H 
(17) R = Me 
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«1 
and another intense IR absorption peak at 1660 cm 
suggested the presence of conjugated carbonyl iroup in the 
molecule. The UV spectrum which exhibited absorotion 
maxima at 230 and 305 nm was indicative of the isoflavone 
21 prototype and an alkali induced shift at 235 and 325 nm 
indicated the presence of free phenolic gfouos. The further 
confirmation was provided by the oreoaration of diacetyl 
derivative which showed the molecular ion peak at m/z 420 
accounting for the incorporation of two acetyl groups in 
the parent substance G. The P.^AR spectrum of substance G 
22 
exhibited the characteristic C-2 isoflavone singlet at 
6 8.25 and a one proton doublet at 6 8.05 (J=8.5 Hz) for 
the presence of an aromatic proton ortho to carbonyl aroup. 
Further, a double doublet at 6 7.10 (J=8.5, 2.5 Hz) 
alongwith para- coupled one oroton doublet at 6 6.95 
^J=2,5 Hz) suoported the contention of an A3X system of 
protons in substance G, The remarkablp exhibition of 
proton resonances in the PMR spectrum nrcvided the rest 
of the infrastructure of molecule. The appearance of a 
six proton broad singlet at 6 1.37, an A^ set of one oroton 
doublets (J=10.0 Hz) at 6 5.50 and 6 6.30 clearly 
established the presence of a 2,2-dimethylchromene ring. 
These deductions were further confirmed by the apoearance 
of the base peak at m/z 321 in the mass spectrum which is 
formed by the loss of 15 mass units from the molecular 
ion. The linear disposition of 2,2-dimethylchromene ring 
- 5 2 -
^ 
- Me 
•a* m/z 321 
^ 
' c ' m/z 185 
• b ' m/z 136 
(14) 
^ 
- Me 
•d ' m/z 321 ^ HO 
\ ^ 
OH 
II 
•e« m/z 187 '^  ' f m/z 134 
-53-
was confirmed by the observation of one proton aromatic 
singlets at S 6,28and 8 6.96 in the PMR spectrum. These 
foregoing data led to the assignment of either structures 
(13 or (14) for substance G. A final decision was made 
based on the analysis of mass spectrum. The observance of 
base peak at m/z 321 did not provide any clue to choose 
between the alternate structures (13) and (l4). The 
daughter ions formed by the retro Diels-Alder fragmentation 
observed at m/z 136 and 185 in the mass spectrum correspon-
ded to ions 'b* and 'c' generating from the structure (13). 
The fragment ions formed by the identical cleavage of 
alternate structure (14) should give rise to the hypotheti-
cal fragment ions 'e' and *f* at m/z 187 and 134 (preceding 
page). This data led to structure (13) as the most convin-
cing for substance G, 
Apart from the evidences provided by spectroscopic 
analyses, a chemical transformation study of substance G 
using borohydride reduction and subsequent cyclisation 
of the obtained product under mild acidic conditions 
yielded a kncwn pterocarpan (16) which was characterised 
by its identical UV and mass spectra along with its 
comparison with an authentic sample. Moreover, the total 
synthesis of isoflavone substance G (Chapter III.2) 
established its structure (13) and was named as puerarone. 
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Substance H 
It was obtained as pale yellow crystals from a 
mixture of benzene and ethylacetate. The mass spectrum 
of substance H showed the molecular ion peak at m/z 354 
which substantiated the molecular formula C2QH,gO,. The 
IR spectrum exhibited the absorption bands characteristic 
for hydroxyl function and conjugated carbonyl grouo at 
3250 and 1665 cm" respectively in the substance H. The 
UV absorption maxima at 220, 280 and 310 nm with a broad 
shoulder at 325 nm were indicativo of the pterocaroanone 
23 
nucleus . The UV spectrum, of substance H further showed 
no change on addition of alkali which negates the oresence 
of ohenolic grouos in the rnolec'ile. The P.IR soectrum of 
substance H showed the oresence of C^-methvlene and C,,^ 
o iia 
methine protons in an analogy to the pterocarpan-6a-ol 
structure (8). The presence of 2,2 dimethylchromene ring 
system was established by the aonearance of a six ^roton 
sinqlet at 6 1.37 and a set of doublets (J=10.C Hz; at 
6 5.60 and 6.42 integrating for one oroton each. Th^ 
appearance of one proton singlet at o 6,10 and 7.10 for 
oeri-protons v^ erp quite convincing for the linear 
disnosition of dimpthvlchromene rim a<; fui^ ther Gho'.»'n bv 
the observance of base peak at rn/z 339 formed from the 
loss of 15 mass units from the mol-'cular ion. A set of 
doublets at 6 /i.AQ and 5.12 U=11.0 Hz each) assignable 
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to C^-methylene protons and a sharp singlet at ^ 4,8C for 
the C,,^ proton along with the prominent ion oeaks at m/z XI a 
320 and 305 in the mass spectrum suggested that the frame-
work of substance h was retained partially in the molecule. 
The ABX system of orotons as displayed in other ptero-
carponoids of P.tuberosa showed a departure in case of 
substance H and was concluded for the possible modification 
in ring A of the molecule. The exhibition of conjugated 
carbonyl group in the IR spectrum at 1665 cm" which was 
not the part of a pterocarpone system favoured the presence 
of carbonyl group in ring A of substance H. The reduction 
of substance H with Zn-AcOH yielded pterocarpan-6a-ol (8) 
which conclusively confirmed the presence and C-3 position 
of conjugated carbonyl group in substance H, Moreover, 
the 16 mass unit increment in substance h as compared to 
the molecular weight of substance E could also be 
explained by the incorporation of hydroxyl group at C,^ 
position which is envisged by the fragment ion peak at 
m/z 163. Moreover, the apoearance of C,, proton as 
singlet stood to the C,^ position for this extra hydroxyl 
unit to give rise to £-quinol structure. 
With the spectral data in hand, an unequivocal 
structure (15) was assigned to substance H identified as 
la-hydroxytuberosone. The natural transformation of 
phenol to ^ -quinol entity is attributed to the microbial 
metabolism and similar instances have been found to 
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involve other pterocarpan-6a-.ol of Leguminous origin from 
24 25 few more genera » 
Substance I 
Substance I showed the UV absorption maxima at 220, 
280, 310 and 330 nm while the IR spectrum exhibited the 
characteristic absorption band for hydroxyl group at 3400 
cm" . These data along with the PMR spectra were 
indicative of the pterocarpan basic framework for 
substance I. The PMR spectrum of the methyl derivative (17) 
of substance I shov/ed the complex splitting pattern formed 
by the C,, C, and C,, protons of pterocarpan molecule. 
The mass spectrum of substance I showed the molecular ion 
peak at m/z 322 corresponding to molecular formula 
C2QH,_0^. The appearance of orominent ion peaks at m/z 
307 formed by the loss of 15 mass units from the parent 
ion showed the presence of 2,2-dimethylchrorr,ene ring 
The six proton singlet at o 1.27 and an A3 guartet at 
6 5.70 (J=10.0 Hz) and 6 6.42 (J=10.0 Hz) confirrred the 
presence of dimethylcnrotnene ring. The PMR spectrum 
12 further evidenced the linear disposition ' of dimethyl-
ch^ romene ring by. the aopearance of aromatic proton singlets 
at 6 7.00 and 6 7.40. The usual A3X system of P.tuberosa 
pterocarponoid protons were displayed as a C, doublet at 
6 7.42 (J=8.5 Hz), a C2 proton double doublet at 6 6.70 
(J=8.5, 2.5 Hz) and C^ proton doublet at 6 7.20 (J=2.5 Hz) 
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along with the methoxyl group at 6 3.75. The 3-C ring 
junction protons of the pterocarpan were displayed as a two 
proton multiplet at 6 4.00 for 0,^, a one proton multiplet 
at 6 3.25 for C^ methylene and another one proton multiplet 
27 2ft 
at 6 5.20 for the Cj^^ proton • . The unsubstituted 
nature of B-C ring junction in substance I was further 
confirmed by the characteristic mass fragmentation pattern 
29 for pterocarpan molecule . The appearance of fragment ions 
at m/z 173, 1^ 9 and 134 substantiated the contention. 
All the foregoing evidences and a direct comparison 
with the authentic material were consistent with the 
reported values for deoxytuberosin structure (16). 
Substance J 
Substance J was obtained as the principal isoflavone 
component from P.tuberosa. The UV absorntion maxima at 
21 250 and 310 nm indicated the isoflavone prototype for 
substance J. The mass spectrum showed the molecular ion 
peak at m/z 254 corresponding to the molecular formula 
C,-H,QO^. An alkali induced shift at 255 and 330 nm suggested 
the presence of phenolic nature of hydroxyl group in the 
molecule. The PMR spectrum of substance J showed the Co 
isoflavone singlet at 6 8,00 and an A3X system of protons 
along with an ^ ^ pattern of protons. The diacetyl 
derivative (19) of substance J confirmed the presence of two 
phenolic -OH groups by showing the molecular ion peak at 
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m/z 338 in MS and three proton sharp singlets at 6 2.25 
and 2.30 in the PiAR spectra. The retro Diels-Alder 
fragment ion pealfs at m/z 137 and 118 in the mass spectra 
31 
of substance J confirmed its daidzein identity (18 ). 
Substance K 
It was obtained in poor yields from the glycoside 
containing fractions. Substance K showed the molecular ion 
peak at m/z 270 and absorption maxima at 250 and 310 nm in 
its mass and UV spectra of which later indicated the iso-
21 flavonone nature of the compound . The alkali induced 
shift at 255 and 330 nm suggested the presence of Dhenolic 
nature of hydroxyl functions in the molecjle. The detailed 
information was provided by PMR and mass spectrum of which later 
showed the presence of retro Diels-Alder fragment ion 'a' 
and 'b* at m/z 152 and 118 and heloed in the placement of 
substituent groups in the molecule i.e., two ohenolic grouos 
in ring A and one phenolic group in ring 3. 
HO *. 
»a« 
m/z 152 
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The biogenetic relationship with daidzein (18) and the 
PMR spectrum of substance K. suggested the C^ and C^, positions 
for one phenolic group each in ring A and B while the 
third -OH function was decided to be placed at C-8 position 
in ring A which is supoorted by the appearance of a oair 
of ortho- coupled doublets in the PMR spectrum of substance K. 
A multiplet ranqing between 6 6.70-6,90 for four protons 
were assigned to ring 3 part,a pair of doublet at 6 7.35 and 
6 7.99 (J=8.5 Hz each) were attributed to two protons of 
ortho- coupled nature along with the partially merged 
characteristic C-P isoflavone singlet at 6 8.00 which 
finally confirmed the relative oositions of phenolic groups 
in substance K. Thus, based on the foregoing data 8-
hvdroxydaidzein structure (20) was assigned to substance K. 
It is the first report of hydroxydaidzein from 
P.tuberosa. However, the presence of isomeric hydroxydaidzein 
have been reported previously from other sources.6-hydroxy-
32 
daidzein is found in the fermented Glycine max and Phaseolus 
33 34 
vulgaris whereas heartwood of Machaerium species 
yielded 3'-hydroxydaidzein. 
Substance L 
The colourless needles of substance L were obtained 
35 
from pyridine. A positive Fiegel's test showed the glyco-
side nature of substance L. The analytical and mass spectral 
data led to its formulation as C3^H^0^. The discernible 
-60-
18) R = H 
19) R = Ac 
(20) 
(21) 
(22) (24) 
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molecular ion peak at m/z 578 substantiated it. The IR 
spectrum of substance L showed only the characteiistic 
absorption for hydroxyl groups at 3400 cm" as a broad band. 
The study of the mass soectrum revealed the oresence of P-
sitosterol as the aglycone unit in the structure of 
substance L as exhibited by the appearance of prominent ion 
peak^^ at m/z 414 (M'^-164), 396, 367, 329, 313, 255 and 213. 
The acid induced hydrolysis of substance L yielded the 
aqlycone material identified as P-sitosterol by its 
comparison with an authentic sample. The aqueous fraction 
on concentration was found to contain glucose by oaper 
chromatograohy which ran parallel (Rf 0.2) to an authentic 
glucose sample in ri-butanol-acetic acid-water (4:1:5) solvent 
system. Substance L, therefore, was identified as p-sitosterol-
P-D-glucoside (21). 
Substance M: 
It was obtained as white crystals from a mixture of 
ethyl acetate-methanol. Substance i/i showed the molecular ion 
oeak at m/z 416. The UV absorption maxima at 250 and 310 nm 
were indicative of the isoflavone nucleus for substance M. 
37 The PMR spectrum and Molish's test suggested the glycoside 
nature of substance M which wa§ unaffected irt acid hydrolysis 
even under vigrous conditions. The UV spectrum and 
alkali induced shift of substance M resembled to that of 
daidzein (18), the phenolic groups of substance M were 
olaced at C^,and C^ position. The acetylation of substance M 
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using acetic anhydride and pyridine formed a hexaacetate (23 ) 
and thus confirmed the presence of six hydroxyl groups out 
of which four were part of the glucose unit which was 
evidenced by the fragment ion peaks at m/z 163, 1^ 5 and 127 
in the mass spectrum and anomeric proton a« doublet (J=10,0 
Hz) at 6 5.00 in the PMR spectrum of substance M. Moreover, 
the presence of glucosyl protons in between 6 3.30-3.80 for 
six protons also substantiated it. The PMR soectrum of 
substance M also displayed a sharo singlet at 6 8.32 for the 
characteristic C„ proton of an isoflavone nucleus. The rest 
of the aromatic protons were exhibitf'd as a oair of doublets 
6 6,76 and 7,38 for two protons each assignable to ^ ^ 
system of protons in ring 3 and two ortho- coupled proton 
doublet (J=8.5 Hz) at 6 6.96 and 6 7.90 were identified 
for the aromatic protons in ring A. All these spectral 
evidences and a direct comparison with the authentic 
material in all respects established its identity as 
puerarin (22)^^*^°. 
Substance N 
It was obtained on crystallisation from a mixture of 
ethyl acetate-m^thanol as white shining crystals. It exhibited 
a discernible molecular ion peak at m/z ^16 under EI mass 
spectrum which was confirmed by FD—MS and elemental 
composition was determined to be as ^2l^2d^9' *^^ ® ^^ soectrum 
of substance N disolayed the strong absorotion maxima at 248 
and 305 nm and an alkali induced shift at 255 and 320 nm 
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indicated the presence of free phenolic functions in the 
molecule. The positive Molisch's test suggested the 
37 
glycoside nature of the compound and acid hydrolysis 
using alcoholic hydrochloric acid - afforded daidzein (is) 
as the aglycone moiety which was confirmed by its comparison 
with the authentic sample and their identical UV spectra. 
The glycone material was identified as glucose by paper 
chromatography. It showed that the sugar moiety was linked 
to the isoflavone unit by an 0-linkage and not through the 
C-linkage. Since the UV spectrum and alkali iriduced shift 
pattern of the aglycone material resembled to that of 
daidzein, the substance N was determined to be a glucoside 
of 4*,7-dihydroxyisoflavone. The further structure was 
elucidated with the help of PMR spectrum which showed six 
glucosyl protons between 6 3.45-3.90, a doublet (J=9.0 Hz) 
integrating for one oroton at o 5.15 assigned to the C, 
glucosyl proton. The aromatic orotons appeared as a one 
proton doublet at 6 7.97 (J=8.5 Hz) for C^-proton ortho 
to carbonyl group together with a muttiplet at 6 7,40 for 
the two protons in ring A of the isoflavone moiety. A 
multiplet at 6 6.82 for four A^X^ protons of ring B and 
the characteristic C2-isoflavone singlet at 6 8.08 confirmed" 
the 7-[)-P-D-glucopyranosyl-4' ,7-dihydroxyisof lavone 
(daidzin)^-'-*^ structure (24) for substance N. 
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II.3 Contraceptive Screening of P.tuberosa 
The 9b'A crude ethanolic extract of the tubers of 
P.tuberosa and its various fractions and compounds isolated 
were tested for their antiimplantation activity in adult 
female golden hamsters. The samples were macerated with an 
equal amount of gun acacia and suspended in water. The 
oral administration from days 1 to 7 of pregnancy were 
performed on these model animals. Laparotomy on 14th day 
of pregnancy was performed to examine the number of uterine 
implantations. The crude ethanolic extract was found to 
inhibit pregnancy 100?< in hanr.sters at a dose of 500 mg/kg. 
The further fractionation of the crude material yielded 
n-butanol fraction which on column chromatography was 
separated into three subfractions: i) prepuerarin, 
ii) puerarin, (iii) oostouerarin. The preourarin fraction 
inhibited (100^) prpgnancy in hamsters at a dose of 100 mg/kg 
while the puerarin and post ouerarin fractions showed no 
activity. 
The prepuerarin fraction on further purification 
yielded few compounds of which daidzein (18 ) is reported 
to possess estrogenic activity of low order. The chloroform 
soluble fraction gave tuberosin which was found to possess 
50/. activity at 10 mg/kg dose Ipvel. The control animals 
were like wise fed with gum accaria only and examined by 
laparotomisation as usual. 
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Table 2: Post-coital contraceptive efficacy of P.tuberosa 
Treatment Fraction/ Dose Total Pregnant Activity 
compound (mg/kg) animals animals (><) 
Control 
P.tuberosa 
-
95-/. Ethanol 
Hexane 
Chloroform 
* 
n-3utanol 
Prepuerarin 
Puerarin 
Postpuerarin 
Tuberosin 
Anhydro-
tuberosin 
la-Hydro xy-
tuberosone 
200 
20 
100 
150 
100 
50 
100 
100 
10 
25 
36 
10 
10 
10 
10 
10 
10 
10 
9 
10 
10 
10 
10 
0 
8 
4 
0 
0 
5 
4 
7 
5 
7 
9 
100 
20 
60 
100 
100 
50 
55 
30 
50 
30 
10 
Bioassays performed in golden hamsters/*adult female rats. 
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11,4 Experimental 
The melting points are uncorrected and values are 
expressed In degrep centigrades. The UV spectra were 
recorded on Hltach-320 automatic recording spectrometer 
while IR spectra were taken either on Perkin-Elmer Infracor^ 
157 or 577 instrument as K3r pellets unless stated 
otherwise. The optical rotations were measured on a JA5C0 
DIP 180 polarimeter. The PWR spectra were recorded on 
Perkin Elmer R-32 Varian Ev\ 360L and Bruker WiV 400 Fourier 
transform spectrometer with Tetramethylsllane as internal 
reference. The mass spectra were determined on JnOL JMS 
D-30C instrument fitted with direct inlet system at 7C eV. 
Silica gel-G was used for thin layer chromatography 
and the spots were visualised under the influence of UV 
light on the UV sensitive silica Gel supolied by Fluka or 
by spraying the silica gel-G plates with 2N sulphuric acid 
solution of eerie sulphat.^. The silica gel (250-<3CC mesh) 
were used for flash chromatographic purposes. 
Isolation Of Constituents 
The freshly chopoed tubers (100 kg) of P.tuberosa 
collected from Shahciol forest, M.P, were extracted v/ith 
95/4 EtOH (3x50 L) . The evaporation of the solvents from 
combined fraction afforded a gummy material (1.2 kg). 
The brownish gummy material was diluted with water and 
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extracted with hexane (3x2 L) to afford the inactive 
hexane soluble fraction (7,0 g). The defatted material 
on extraction with chloroform (3x2 L) and a-butanol 
(4x2 L) gave the chloroform (103.0 g) and n-butanol 
soluble (72,5 g) fractions respectively on concentration 
under vacuo. 
The fractionation scheme for P.tuberosa follows as in 
Chart 1. 
Freshly chopped tubers 
(100.0 kg) 
Extracted with 95j< EtOH 
Gununy material (1,2 kg) 
Diluted with water (2 L) 
and fractionated with 
hexane (4x2 L) 
I 
Hexane soluble 
fraction (7,0 g) 
Chloroform soluble 
fraction (103.0 g) 
Aqueous layer 
Extracted with L 
chloroform (4x2 L) 
Aqueous layer (saturated 
with NaCl and extracted 
with n-butanol (4x2 L) 
n-butanol soluble 
fraction (72.5 g) 
Aqueous 
fraction 
Chart 1: Fractionation Scheme of P.tuberosa 
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Chromatoaraphv of Chloroform Soluble Fraction 
The chloroform soluble fraction was found to be a 
complex mixture on TLC examination. A part (20,0 g) of 
this material was subjected to gross fractionation on a 
column of silica gel in hexane. The column was eluted 
with hexane and then with a variable mixture of hexane 
and ethylacetate with increasing oolarity. The fractions 
of 500 ml each were collected and mixed together on the 
basis of TLC pattern. 
The chloroform soluble fraction on extensive silica 
gel chromatographic purification yielded varying class of 
natural products. The results of column purification are 
summarised in Table 2. 
Table 2: Column chromatography of chloroform 
soluble fraction 
Fraction 
No. Eluent Remarks 
1-3 
4-6 
7-9 
10-13 
14-17 
18-22 
Hexane 
Hexane:Ethyl acetate 
(85:5, v/v) 
Hexane:Ethyl acetate 
(90:10, v/v) 
Hexane:Ethyl acetate 
(85:15, v/v) 
Hexane:Ethyl acetate 
(80:20, v/v) 
Hexane:Ethyl acetate 
(75:25, v/v) 
Oily mixture 
contains substance A 
contains substance B 
contains substance 
3 and C 
Mixture 
contains substance D 
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Fraction 
No. Eluent Remarks 
23-26 
27-29 
30-33 
34-37 
38-42 
43-47 
48-54 
55-60 
Hexane:Ethyl a c e t a t e 
( 7 0 : 3 0 , v /v ) 
Hexane:Ethyl ace ta te 
( 6 5 : 3 5 , v /v ) 
Hexane:Ethyl a c e t a t e 
( 6 0 : 4 0 , v /v ) 
Hexane:Ethyl a c e t a t e 
( 5 5 : 4 5 , v /v ) 
Hexane:Ethyl a c e t a t e 
( 5 0 : 5 0 , v /v ) 
Hexane:Ethyl ace ta te 
( 4 5 : 5 5 , v /v ) 
Hexane:Ethyl a c e t a t e 
( 4 0 : 6 0 , v /v ) 
Hexane:Ethyl a c e t a t e 
( 3 0 : 7 0 , v /v ) 
contains substance D 
Mixture 
contains substance E 
contains substance F 
contains substance 
G and H 
contains substance H 
streaking 
streaking 
The fractions 1-3 were mixed together and concentrated 
under vacuo to give an oily mixture (4.24 g). 
The fractions 4-6 were mixed and concentrated to yield 
an oily residue (1.01 g) which on further purification by 
passing it through a small column of silica gel afforded 
substance A (0.65 mg) on crystallisation from a mixture 
of hexane-benzene. 
Substance A (hexacosanoic acid, 1) 
m.p. 
IR 
: 88" 
: 3460 (b£, OH), 17^0 (>C=0), 1450 and 
1370 cm -1 
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PMR(CXl3) : 0.87 (t, 3H, CH^), 1.27 (br^, A6H, poly-
methylene 23XCH2) and 2.25 (t, 2H, CH^-
COgH) 
MS : m/z 396 (M*"), 382, 368, 336, 289 and 261. 
The fractions 7-9 were concentrated (0.23 g) and 
purified by flash chromatography using hexatne:benzene 
(1:3, v/v) as the eluent to afford pure substance B (35.0 mg) 
which was detected by a green flourescence under UV light 
on UV sensitive precoated silica gel plates and crystallised 
from dichloromethane as yellowish crystals. 
Substance B (isomedicarpene, 2) 
m.p. : 133° 
UV(MeOH) : 280, 306 and 350 nm 
(MeOH-i-NaOH) : 305, 350 and 355 nm 
IR : 3400 (br, OH), 2900, 1610, 1080 and 
1025 cra"^  
PMR(CDCl3) : 3.70 {s, 3H, OCH3), 5.-10 (_s, C^2H, C^-H), 
6.35-7.20 (m, 5H, Ar-H) and 7.30 (d, IH, 
J = 8 . 5 Hz, Cj-H) 
MS : m/z 2 6 8 (M*"), 267 ( M ^ - 1 , b a s e p e a k ) , 2 5 3 , 
2 2 4 , 197 and 1 3 4 . 
Acetvlation of substance B 
Substance 3 (20.0 mg) was acylated with acetic anhydride 
(1.0 ml) and dry pyridine (1.0 ml) by keeping it overnight 
at room temperature. Removal of pyridine and acetic 
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anhydride under vacuo afforded an oily residue which was 
dissolved in chloroform (15.0 ml), washed with water and 
dried over anhydrous Na250^ to furnish the oily product on 
solvent evaporation. 
UV(MeCH) : 224, 305 and 350 nm 
PMRCCDClj) : 2.20 {s, 3H, -O-8-CH3), 3.72 (£, 3H, 
O-CH3), 5.15 (1, 2H, C^-H), 6.^0-7.45 
(m, 5H, Ar-H) and 7.65 (d, IH, J=8.5 
Hz, Cj-H) 
MS : m/z 310 (M"* ) 
The fractions 10-13 were mixed and concentrated to 
give a brownish mass (0.60 g) which vas purified by p^ssir 
through a column of florisil in hexane using hexane: 
chloroform (3:1) as elu«nt. Substance 3 (21.0 mg) and 
substance C (60.0 mg) were obtained in pure forms of 
which later was crystallised from hexane:dichloromethane. 
Substance C (3-0-methvlanhydrotuberosin, 3) 
m.p, : 165 
UV(MeQH) : 2 X , 318, 332, 345 and 3 ^ nm 
IR : 3200 ( b r , OH), 2 9 0 0 , 1580 , 1^40, 805 and 
760 crr"-^ 
P.vlR(CDCl3) : 1.^58 ( b r s , 6H, 2XCH3) , 5 . 5 2 {s, 2!1, C^-H) , 
5 . 6 4 ( d , IH , J = i 0 . 0 Hz, Cj^3-H), 6 . 4 2 ( d , 
IH, J = 1 0 . 0 Hz, C ^ 2 ~ " ^ ' ^'^^ ^ ^ » ^^» J = 8 . 5 , 
2 . 5 Hz , C j - H ) , 6 . 5 2 ( d , IH, J = 2 . 5 H z ) , 
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6.70 is, IH, C^Q-H), 7.0C (d. IH, 
J=8.5 Hz, C^-H) and 7.13 (l, IH, C^-H) 
MS : m/z 334 (A^) and 319 (M*-15 base peak). 
The fractions 14-17 which contained a complex mixture 
was concentrated to give a red brown residue (0.69 g). 
The fractions 18-26 on solvent evaporation gave a 
light brown residue (1.22 g) which was purified by flash 
chromatography to yield p-sitosterol (168.0 mg) and 
substance D (643.o mg). Substance D was crystallised from 
dichlororoethane-acetone to afford creamy white crystals. 
Substance D (anhydrotuberosin, 4) 
m.p, : 184-85® 
UV(MeOH) : 240, 335, 350 and 362 nm 
(MeOH+NaOH) : 235, 260, 340, 360 and 372 nm. 
IR : 3200 (b£, OH), 1605, 1370, 1125, 805 and 
790 cm"-'-
PMR(acetone-dg) : 1.40 (^ , 6H, 2XCH3), 5.53 d , 2H. C^-H), 
5.72 (d, IH, J=10.0 Hz, Cj^3-H), 6.45 
(d, IH, J=10.0 Hz, 0^2*"^» ^'^^ ^^ » ^"' 
Js=2.0 Hz, C^-H), 6.54 (dd, IH, J=8.5, 2.5 
Hz, Cj-H), 6.82 (s, IH, C^^-H), 7.10 {s, 
1H,*C7-H) and 7.30 (d, IH^ J=8.5 Hz, C^-H) 
MS : m/z 320 (M"*), 305 (M'*'-15, base peak), 277, 235 
235, 152 and 137, 
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Acetvlation of substance D 
Substance D (25,0 mg) dissolved in acetic anhydride 
(2,0 ml) and dry pyridine (2,0 ml) was kept overnight at 
room temperature. Removal of solvents under vacuo 
furnished a residue which was dissolved in chloroform 
(20,0 ml), washed with water and dried over anhydrous 
Na^SO^, The solvent was freed to furnish a residue which 
was crystallised from a mixture of hexanr?:dichloromethane 
as white crystals. 
m.p. : 166^ 
UV(MeOH) : 225, 300, 330, 350 and 362 nm 
PMR(CDCl3) • ^'^^ -^» ^"* 2XCH3), 2.28 {s, 3H, -O-fc-CHg) 
5.50 (^ , 2H, C^-H), 5.70 (d,lH, J=10.0 Hz, 
C^3-H), 6.30 (d, IH, J=10.0 Hz, C^^-H), 
6.60 (^ , IH, Oy-H), 6.65 (dd, IH, C2-H 
partially merged with C^-singlet), 6.9C 
(d, IH, J=2.0 Hz, C4-H) and 7.20 {s, IH, 
C7-H) 
MS : m/z 362 (M"*"), 347, 320 and 305 
Hydroqenolvsis of substance D 
Substance D (50.0 mg) was mixed with 10-/ Pd-C in 
catalytic amount in ethanol (50.0 ml) and stirred unier 
hydrogen atmosphere for 6 hrs. The reaction mixture was 
filtered, solvent evaporated and purified by passing through 
a bed of silica gel in ethyl acetate:hexane (1:3) gradient 
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to furnish the hydrogenolysed product (7, 15.0 mg) which 
was crystallised from ether as creamy white needles. 
m.p. : 204° 
UV{MeOH) : 285 and 290 nm. 
PMR(acetone-d^) : 1.20 (^, 6H, 2x013) , 1.65 ( t , 2H, C3-H), 
2 . 5 0 ( t , 2H, C4, -H) , 3 .10 -3 .60 (m, 3H, 
C3-H, C^-Hgj^ and C^-H^^), 4 . 3 0 - 5 . 7 0 (m, 
2H, Cg-H), 6 .20 ( 1 , IH, Cg-H) and 
6 . 3 0 - 6 . 7 0 (ra, 4H, A r - « ) . 
MS : m/z 326 (M"*"), 284, 271, 204 (base peak), 
191, 137, 122 and 105. 
Acetvlation of isoflavan 
A solution of isoflavan (20.0 mg), pyridine (2.0 ml) 
and acetic anhydride (2,0 ml) were left overnight at room 
temperature. The usual workup gave the acetylated product 
( 1 8 . 0 mg). 
UV(MeOH) : 228 and 285 nm. 
PMR(CDCl3) : 1.24 {s, 6H, 2x013) , 1.75 ( t , 2H, C3, -H) , 
2 .20 is, 6H, 2x0Ac), 2 .70 ( t , 2H, C^,^), 
2 .90 (m, 2H, C^-H), 3.72 (m, IH, C3-H), 4 . 2 2 
(m, 2H, C2-H), 6 .42 (^, IH, Cg , -H) , 6 .50 
(m, 2H, C^-H and Cg-H), 6 .72 (^ , IH, C^,-H) 
and 6 .95 (^ , IH, C^-H). 
A4S , : m/z 410 (M"*"), 368, 326, 313, 271 , 204 and 
147. 
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Substance E (isotuberosin, 9) 
A mixture (127,0 mg) of substance E and tuberosin 
(8) were identified in the fractions 30-33 which was 
purified by flash chromatography in hexane:chloroform (1:1) 
to yield substance E as oily material (12.0 mg) and 
tuberosin (87,0 mg) which was crystallised from acetone. 
UV(MeOH) 
(MeOH+HCL) 
(MeOH+NaOH) 
CD (MeOH) 
IR(Neat) 
PMR(CDCl3) 
225, 280, 312 and 320 nm 
240, 332, 350 and 362 nm 
225, 290 and 330 nm 
+11.0 (c=1.0, acetone) 
+262, 284, 290 and 340 
3350 (br, OH), 1620, 1600, 1590, 1240, 
1055, 760 and 690 cm"''' 
1.37 is, 6H, 2XCH3), 4.02 (d, IH, 
J=11.0 Hz, C^-H), 4.05 (d, IH, J=11.0 
Hz, C^, -H), 5.25 (1, IH, Cj^ ^^ -H), 5.54 
(d, IH, J=10.0 Hz, C^2-"^» ^'^^ (^» "^» 
C7-H), 6.30 (d, IH, J=2.0 Hz, C^-H), 
6.38 (d, IH, J=10.0 Hz, C^3-H), 6.55 
(dd, IH, J=8.5, 2.0 Hz, Cj-H), 7.05 
(if IH, C^Q-H) and 7.28 (d, IH, J=8.5 
Hz, Cj^ -H) 
MS :" m/z 338 (ft), 323, 305, 295, 279, 256 
and 149. 
Dehydration of Substance E: 
Substance D (6.0 mg) in methanol (2.5 ml) was mixed 
with few drops of lOji dil, hydrochloric acid and heated 
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for 30 minutes on a steam bath to produce a light yellow 
solution. The solvents were removed under vacuo and the 
residue obtained was diluted with water (10.0 ml), 
neutralized with few drops of sodium bicarbonate and extracted 
with chloroform (2x20.0 ml) to afford anhydrotuberosin (4) 
which was crystallised from dichloromethane-acetone as 
white needles and was found to be identical in all respects 
with a naturally occurring sample. 
m.p. : 184° 
MS : m/z320(^),305, 277, 235 and 149. 
Acetvlation of Substance E 
A mixture of substance D (10.0 mg) in pyridine 
(1.0 ml) and acetic anhdride (l.O ml) was left at room 
temperature for 12 hours. Removal of pyridine and acetic 
anhydride under vacuo afforded a residue which was worked 
up in usual manner to furnish 3-O-acetylanhydrotuberosin 
(5). 
m.p. 
UV(MeOH) 
:0 165' 
225, 300, 330, 345 and 362 nm. 
m/z 362 (M ), 347, 320 and 305 (oase peak) 
Subst°ance F (tuberosol, 11) 
Fractions 3^-37 were mixed'together and solvent 
evaporated to give a residue (166.0 mg) which was purified 
by column chromatography to vield soyasapogenol-B (42.0 mg) 
and substance F (68.5 mg) as white crystals from hexane-
ethylacetate. 
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m.p. 
UV(MeOH) 
(MeOH+NaOH) 
IR 
PMR(acetone-d,) 
MS 
17 8-81° 
+12.0° (c=1.0, acetone) 
202, 224, 286 and 326 nm 
207, 224, 299 and 326 nm 
3480 (br, OH), 1580, 1465, 1400, 1260 
and 955 cm" 
: 3.46 (dd, IH, J=10.0, 4.0 Hz, p-H), 3.52 
(d, IH, J=4.0 Hz, a-H), 5.40 (brs., IH, 
- 6 H - 0 H ) , 6.94 (d, IH, J=8.5 Hz, C^ -^H) , 
7.03 (dd, IH, J=8.5, 2.0 Hz, C2-H), 7.27 
(m, 3H, Ar-H), 7.33-7.46 (m, 7H, Ar-H), 
7.49 (d, IH, J=2.0 Hz, C^-H) 
: m/z 334 (M"*") and 316. 
^ * j » . 
Acetvlation of substance F 
Substance F (20.0 mg), dry pyridine (2.0 ml) acetic 
anhydride (2.0 ml) were mixed together and kept overnight 
at room temperature. Removal of solvents under vacuo and 
usual workuD gave an oily residue which was filtered through 
a small column of silica gel to firnish the diacetate 
(18.0 mg) as white crystals from benzene-ether. 
: 2 .10 ( s , 3H, 0-C-CH,) , 2 .34 ( s , 3H, 
0 ~ ^^ 
O-C-CH3), 3 .51 (dd , IH, J = 1 0 . 0 , 4 . 0 Hz, 
P-H),* 3.77 ( d , IH, J=4 .0 Hz, a -H) , 
6.74 (approach ing d, IH, J=2 .5 Hz, 
-CH-O-C-CH3), 6 .98 ( d , IH, J = 8 . 5 Hz, 
C^-H), 7 .15 ( d , IH, J=8 .5 Hz, Ar-H), 
7 .30 (m, 3H, Ar-H) , 7 . 4 2 - 7 . 0 0 (m, 7H, 
Ar-H) and 7 . 8 8 ( b r d , IH, J=10 .5 Hz, Cg-H), 
PMR(CDCl3) 
J^^^^Q:^ 
KOti, Mm 
ir[ T^ie)2^-. . . 
4B'-«, 
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MS : m/z 418 (M^). 
Substance G (puerarone. 13) 
Fractions 38-42 were mixed together on the basis 
of TLC pattern and evaporation of solvent gave a brownish 
gummy residue (0.73 g) which was passed through a small 
column of silica gel eluting with a mixture of benzene: 
ethylacetate (7:3, v/v). The crude material obtained 
(240 mg) was rich in substance G and was again purified 
by flash chromatography in hexane:ethylacetate (2:1, v/v) 
to furnish substance G (46.0 mg) as brownish oil and 
substance H (120.5 mg) as pale yellow crystals from benzene-
ethylacetate. 
UV(MeOH) : 230 and 305 nm 
Me0H(N'e0H+Na0H) : 235 and 325 nm 
IR(Neat) : 3400 ( b r , OH), 2900, 166C (conjuga ted 
>C=0), 1450, 1240, 1050 and 780 cm""^  
PMR(CDC1«+Ace t o n e - : 1.37 ( s , 6H, 2xCH-,), 5.50 (d , IH, 
d ) *~ *" 
^ J=10 .0 Hz, C^-H), 6.30 (d , IH, J=10 .0 
Hz, C 2 , , - H ) , 6.9^ (d , IH, J = 2 . 5 Hz, Cg-H), 
6 .28 is, IH. C^ , -H) , 6.96 (^ , IH, C3 , -H) , 
7 .10 (dd , IH, J - 8 . 5 , 2 , 5 Hz, G^-H), 8.05 
( d , IH, J=8 .5 "Hz, C^-H) and 8.25 (^ , 
IH, C2-H) 
MS : m/z 336 (M**"), 321 [(M^-Me); base ptak], 
200, 185 and 136. 
Acetvlation of Substance G; 
A solution of substance G (10.0 mg), dry pyridine 
(1.0 ml) and acetic anhydride (1.0 ml) was left overnight. 
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The usual workup gave the diacetate derivative. 
MS : m/z 420 (M"*"), 378 (M*"-Ac), 334, 18& 
and 136. 
Substance H (la-hydroxytuberosone, 15) 
%o 
I Q . p . 
[a]D 
UV (MeOH) 
IR 
PMR(acetone-d^) 
MS 
: 132' 
: +115.2° (c = 1.0, MeOH) 
: 220, 280, 310 and 325 nm 
: 3250 (br, OH), 1660 (conjugated >C=0), 
1480, 1120, 860 and 740 cm"^ 
: 1.37 is, 6H, 2xC5i3), 4.40 (d, IH, J=11.0 
Hz, C^a-H), 4.80 {s, IH, C^ig-H), 5.12 
(d, IH, J=11.0 Hz, C^p-H), 5.30 (d, IH, 
J=2.0 Hz, C4-H), 5.60 (d, IH, J=10.0 Hz, 
Cj^3-H), 6.02 (dd, IH, J=10.0, 2.0 Hz, 
C2-H), 6.10 (s, IH, Cjo""^' ^''^^ -^» ^ ' 
J=10.0 Hz, CjL2""^ » ^'^^ ^^' ^"' "^ =^ *° "^» 
Cj^ -H) and 7.10 {s, IH, C^-H) 
: m/z 354 (M"^), 339 (Jyf*'-15, base peak), 
320, 305, 201 and 163. 
Fractions 43-47 also yielded (24.0 mg) of substance H 
by crys ta l l i sa t ion from ether. 
Chromatography of n-Butanol Soluble Fraction : 
The rj-butanol soluble fraction was found to be a complex 
mixture on TLC. A part of this material (14,0 mg) was sub-
jected to gross fractionation on s i l i c a gel column in ethyl 
acetate . The elution was affected from a mixture of ethyl 
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ace ta te and methanol with gradual ly increas ing p o l a r i t i e s . 
Fract ions of 500 ml each were co l l ec ted and mixed on the 
bas is of TLC p a t t e r n . The r e s u l t s on n-butanol soluble f rac t ion 
are summarised in Table 2 . 
Table 2 : Column chromatography of n-butanol so luble f ract ion 
Fract ions Eluent Remarks 
No. 
1»6 Ethyl ace ta te Contains substance 
I and J 
7-11 Ethyl acetate:Methanol Contains substance J 
(95:5, v/v) 
12-18 Ethyl acetate:Methanol Contains substance 
(90:10, v/v) J and K 
19-23 Ethyl acetate:Methanol Contains substance L 
(85:15, v/v) 
24-28 Ethyl acetate:Methanol Contains substance M 
(80:20, v/v) 
29-33 Ethyl acetate:Methanol Contains substance 
(75:25, v/v) M and N 
34-41 Ethyl acetate:Methanol Streaking 
(70:30, v/v) 
Fract ions 1-6 were mixed toge ther and concentrated to 
g ive a residtie (O.OB g) which was pqrHlqd by FtC in toenzenet 
e thy l ace ta te (3 :2 , v/v) so lvent system to furnish substance I 
(22.0 mg) and substance J»(49 .0 mg). , 
Substance I (deoxytuberosin, 16) 
UV(MeOH) : 220, 280, 310 and 330 nm 
(MeOH+NaOH) . : 220, 282, 315 and 347 nm 
IH : 3400 (br, OH), 1590, 1260, 1045 and 890 cm""^. 
A«S : m/z 322 (M"*"), 307, 173, 149 and 136. 
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Methvlation of Substance I 
A s o l u t i o n of substance I ( 1 5 . 0 rag) was ref luxed in 
dry acetone ( 2 0 , 0 ml ) , methyl iodide ( 1 . 0 ml) and anhyd. 
KgCOg ( 2 0 . 0 mg) for one hr . to afford methyldeoxytuberosin (17) 
( 1 0 . 0 mg). 
PAMKCDClg) : 1.27 (br ^ , 6H, 2XCH3), 3 .25 (m, IH, C^-H), 
3 .55 (£ , 3H, Ar-OCHg), 4 . 0 0 (m, 2H, C^g-H), 
5 .20 (m, IH, C^ia~"^» '^"^^ ^-' ^* J=10.0 Hz, 
CjL3-H), 6 .42 (d , IH, J=10.0 Hz, Cj^2~")» 
6 .70 (dd, IH, J=8 .5 , 2 .5 Hz, C2-H), 7 .00 
( s , IH, C^Q-H), 7 .20 (d, IH, J=2 .5 Hz, C^-H), 
7 .40 {s, IH, C^-H) and 7 .42 (d , IH, J=8.5 Hz, 
CjL-H). 
MS : 336 (M^), 321 (M^-CHg, b a s e p e a k ) , 307 
and 1 4 9 . 
Substance J (daidzein, 18) 
The fractions 12-18 containing substance J and K were 
purified over a small column of silica gel to afford substance 
K (12.0 mg) and combined quantity of substance J (63.0 mg) 
from previous (7-11) fractions. 
UV(MeQH) : 250 and 310 nm. 
(MeOH+NaOH) : 255 and 330 nm. 
IR : 3420 (br, OH), 1630 (conjugated >C^0), 
1580, 1460, 1200, 1050 and 840 cm"-^ . 
PMR(acetone-d^ 
DMSO-d^) : 6.65-6.95 (ra, 3H, Cg.-H, C5,-H and C^-H), 
7.05-7.30 (m, 2H, C2,-H and C^,-H), 7.32 
(d, IH, J=2.5 Hz, Cg-H), 7.88 (d, IH, 
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J=8.5 Hz, C^-H) and 8.18 (s, IH, Cg-H). 
J=8.5 Hz, C^-H) and 8.18 (s, IH, C2-H). 
MS : m/z 254 (M"*"), 137 and 118. 
Acetvlation of Substance J : 
Substance J (25.0 mg), pyridine (1.0 ml) and acetic 
anhydride (l.O ml) were left overnight at room temperature. 
The usual workup and crystallisation from ether gave the 
diacetate derivative (19, 19.O rag) as white needles, 
m.p. : 185*^  
MS : m/z 338 (M*), 295, 253, 136 and 117. 
Substance K (8-hydroxydaidzein, 20) 
UV(MeOH) : 250 and 310 nm. 
(Me0H4-Na0H) : 255 and 330 nm. 
PMR(acetone-d^) : 6.70-6.90 (m, 4H, C3,-H, C^,^, ^^f^ "^^ 1 
C^,-H), 7.35 (d, IH, J=8.5 Hz, C^-H), 7.99 
(d, IH, J=8.5 Hz, Cg-H) and 8.00 (s, IH, C2-H) 
MS : m/z 270 (M"*"), 152 and 118. 
Substance L (p-sitosterol-p-D-glucoside, 21) 
The combined fractions 19-23 yielded (64.0 mg) of 
substance L as white crystals from pyridine, 
m.p. : 283° 
IR : 3400 (br, OH), 2975 (C-H, stretching), 1470, 
1385, 1075 and 810 cm"'^ . 
MS : m/z 578 (M"*"), 542, 524, 415 (M"^-163), 396, 
367, 329, 313, 255 and 213. 
Hydrolysis of Substance L : 
Substance L (50.0 mg) in alcoholic 2^ HCl (5.0 ml) 
solution was refluxed on steam bath for 4 hrs. The solvent 
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was evapora t ed , r e s i d u e d i l u t e d wi th wa te r , n e u t r a l i s e d and 
t h o r o u g h l y e x t r a c t e d with ch loroform (4x15 ml) t o afford 
3 - s i t o s t e r o l ( 2 2 . 0 mg). The aqueous p o r t i o n on evaoora t ion 
of s o l v e n t gave a c o l o u r l e s s syrupy mass which on paper 
chromatography in £-BuOH-AcOH-H20 ( 4 : 1 : 5 , v /v ) showed the 
p r e s e n c e of g lucose (Rf 0 .2 ) runn ing p a r e l l e l t o an a u t h e n t i c 
s a m p l e . 
Subs t ance M ( p u e r a r i n , 22) 
I t was ob ta ined as wh i t e c r y s t a l s (127.0 mg) from e t h y l 
a c e t a t e : m e t h a n o l . 
: 184° 
: 250 and 310 nm, 
: 255 and 325 nm. 
m . p . 
UV(MeOH) 
(MeOH+NaOH) 
IR 
PMR(CDC1 p( 
DUSO-d^) 
MS 
3250 (b r , OH), 1640 (conjuga ted > C = 0 ) , 1 3 9 0 , 
1060, 840 and 800 cm"'''. 
: 3 . 3 0 - 3 . 8 0 (m, 6H, g l u c o s y l - H ) , 5 .00 (d , IH, 
J=10 ,0 Hz, g l u c o s y l C^-H), 6 .76 ( b r d, 2H, 
J = 9 . 0 Hz, C2,-H and C^ , -H) , 6 .96 (d, IH, 
J = 8 . 5 Hz, C^-H), 7 .38 ( b r , d, 2H, J = 9 . 0 Hz, 
C^.-H and C^, -H) , 7 .90 (^, IH, J=8 .5 Hz, C^-H), 
and 8.32 ( £ . IH, C2-H). 
: m/z 416 (M*^), 397, 379, 361, 308, 254, 163, 
145, 137, 118 and 6 8 . 
Acetvlation of Substance M : 
Substance M (50.0 mg), pyridine (2.5 
anhydride (2.5 ml) were left overnight at-« 
acetic 
±ure. 
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Usual workup gave the product which was passed through a 
column of silica gel in chloroform to give the acetate deri-
vative (23, 28.0 mg). 
m.p. : 114° 
MS : m/z 668 (M"^), 631, 626, 584, 542, 524, 404, 
391, 362, 349, 279 and 205. 
Substance N (daidzin, 24) 
The combined fractions 29-33 on concentration gave a 
light yellow mass (0.64 g) which was purified by silica gel 
column chromatography in chloroform:methanol (3:2, v/v) as 
eluent to afford substance M (424.0 mg) and substance N (64.0 mg 
from the mixture of which substance N was crystallised from 
ethyl acetate-raethanol. 
UV(MeOH) : 248 and 305 nm. 
( (MeOH-tWaOH) : 255 and 320 nm. 
IR : 3350 (br, OH), 1640 (conjugated >C=0), 1620, 
-1 1450, 1260, 1050, 880 and 835 cm 
PMR(CDC1^ 
+ ^ 
DMSO-d^) 
: 3 .45 -3 .90 (jn, 6H, g l u c o s y l - H ) , 5 .15 (d, IH, 
J=9 .0 Hz, g l u c o s y l C^-H), 6 .82 (m, 4H, k^.^ 
t y p e , C2,-H, C3,-H, C^,-H and C^^-H), 7 .40 
(a , 2K, C^-H and Cg-H), 7 .97 (d, IH, J = 3 . 5 M 
Hz, C^-H) and 8 .08 {s, IH, C2-H). 
EI-/.1S : m/z 254 
FD-MS : m/z 416 (M'^), 397, 379, 361, 283 , 253, 163, 
145, 137 and 118 . 
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Hvdrolvsis of Substance N : 
Substance N (20.0 mg) in alcoholic 2N HCl (5.0 ml) 
solution was refluxed on steam bath for 2 hrs. The solvent 
was evaporated, neutralised, residue diluted with water and 
extracted with ether to afford daidzein (18, 9.0 mg) on 
solvent evaporation. The aqueous layer was concentrated to 
a syrupy mass which on paper chromatography using _n-BuOH:AcCH: 
H2O (4:1:5, v/v) showed the presence of glucose (Rf 0.2) as 
the glycone moiety. 
- 8 6 -
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Chapter III 
111.1 Biogenetic Interrelationship of Isoflavonoids 
of P.tuberosa 
111.2 Synthesis of Isoflavones from P. tuberosa 
-91-
III.1.1 Introduction 
Pterocarponoids are a restricted class of 
natural products confined to mainly family Leguminosae. The 
trivial name originates from Pterocarpus soecies which 
yielded the foremost identified pterocarpan natural product 
The majority of the natural products under pterocarponoid 
class include: pterocarpan (I), pterocarpene (II), 
pterocarpanol/6a-oxypterocarDan (III), pterocaroone/ 
coumestan (IV) and pterocarpanone (V); in an increasing 
oxidation level of the parent structure (I) (Chart I). 
The systematic chemical nomenclature of the parent 
pterocarpan (I) is 6a, lla-dihvdro-6H-benzofuro[3,2-c]''l] 
benzopyran. Collectively the various oxidation states of 
this system have been covered under the single term 
2 
'pterocarponoids' by Jain e^ al^, in an analogy to the 
flavonoids which seems more aporopriate as it encompasses 
the wide range of oxidation states. The pterocarponoids 
are considered phytoalexins and produced as a consequence 
of invasion and attempted colonisation of the plant organ 
or tissue by pathogenic microbes which are usually fungi 
or bacteria. The pterocarponoids are thus produced as a 
part of defense mechanisms of the legmninous plant species 
by the microbial metabolism of the preformed plant 
3 
constituent of relatively less oxidised structures . 
The pterocarponoids have also been termed 
'fungitoxic antibiotics' by virtue of their antifungal 
-92-
properties which has been correlated first to the non-
4 
planer molecular shape by Perrin and Cruickshank but 
later the lipophilic character of phytoalexin molecule 
(I) 
(II) (III) 
(IV) (V) 
was said to be responsible . It has been demonstrated that 
the conversion of pterocarpan phytoalexin to their 
different oxidised derivatives is a common biomechanistic 
step adopted in the detoxification orocess. The isolation 
of microbial metabolites from infected tissue have suggested 
the initial metabolism to involve hydrogenolysis , 
-93-
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hydroxylation , demethylation and other type of reactions 
at different sites in the ring system or at isoorenoid 
side chain of the substrate molecule. 
III.1.2 Biogenetic Interrelationship 
The cooccurance of various isoflavonoids in 
P.tuberosa with similar aromatic substitution pattern and 
the common possession of 2,2-dimethylchromene as the extra 
heterocyclic ring have provided a good circumstantial 
evidence for the biogenetic interrelationship among them. 
The comparative study of the structures of iso-
flavones and pterocarponoids indicated a gradual complexity 
in these molecules and led to the deduction of a possi^ l^e 
biogenetic route which is outlined in Scheme I. 
It has been established by feeding experiments that 
isoflavones are the precursor of oterocarpan natural 
product which serves as the starting material for other 
classes of pterocarnonoids . The extensive chemical 
investigation on P.tuberosa resulted in the isolation of 
simple isoflavone, prenylated isoflavone, pterocarpan, 
pterocarpan-6a-ol and ptercarpanone which reflected the 
seguence of advancina biogenetic pathway. The studies 
on different phylogenetically related plants could be 
referred in parallel 
-94-
The Scheme I proposes the following series of 
transformations starting from the simple 4',7-dihydroxy-
isoflavone 
i) the prenylation of simple isoflavone; 
ii) the cyclisation of prenylated adduct to dimethylch-
romene ring; and 
iii) the cyclisation of 2'-hydroxyl unit with the C-4 
carbonyl group in isoflavone. 
The foregoing contention is suoported by the isolation 
of daidzein (l), neobavaisoflavone (2), puerarone (3) and 
deoxytuberosin (4) all representing the individual steps 
of biochemical transformation towards the pterocaroan 
molecule. In context to our proposal the further transformat-
ion of deoxytuberosin could be summarised as: conversion 
of deoxytuberosin (4) into 6a-oxy derivative r(5) and (6)] 
and later its transformation to la-hydroxytuberosone (7). 
The occurance of 6aS, llaS isotuberosin (5) and 6aR, 
llaR tuberosin (6) in P.tuberosa indicated the involvement 
of stereodefined deoxytuberosin. The phenonir.enon could be 
well expressed by the stereospecific E and Z reduction of 
puerarone (3) to give the deoxytuberosin enantiomers via 
the intermediacy of isoflavan-4-ol. The studies on the 
biosynthesis of (+) and (-)pisatin in Pisum sativum by 
Dewick et 
AV-3 substantiated the participation of stereo-
specific reduction of isoflavone to yield pterocarpan 
isomers which later produced the enantiomers of pterocarpan-
- 9 5 -
(9 ) (7 ) 
Scheme I 
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6a-ol. The production of 6a-oxymaakianin and 6a-oxyinedicarpin 
from their respective pterocaroans under the influence of 
14 15 
certain microbial agents suggested the biogenetic link * 
In view of these observations it is quite likely that 
deoxytuberosin (4) could be the parent phytoalexin of 
P.tuberosa and possible precursor of 6a-oxy-pterocarpan. 
The fact that tuberosin (6) possess weak antifungal activity 
in vitro while la-hydroxytuberosone (7) does not exhibit 
any activity in the antimicrobial screening against a 
number of microorganisms were in line with the hypothesis, 
Moreover, the deoxytuberosin is found in traces in 
Pueraria and probably could have been detoxified by a 
microorganism to 6a-oxy derivative and later to the ptero-
carpanone, la-hydroxytuberosone (7). The presence of 
la-hydroxytuberosone in larger amounts in P.tuberosa as 
compared to 6a-oxypterocarpans again substantiated the 
argument. 
The phytoalexins which are covered under the terms 
'stress metabolites' can also be applicable to coumestans 
17 irrespective of their antimicrobial activity while 
pterocarpenes which have undefined role in the detoxification 
process are considered to be produced as an artefact of 
18 6a-oxvpterocarpans or from the pterocaroans. The ptero-
18 
carpenes have generally been prescribed no significant 
importance in the biogenetic outline. However, in P.tuberosa. 
these classes of compounds are reoresented by anhydro-
tuberosin (8), 3-0-methylanhydrotuberosin (9) and 
-97-
tuberostan (10) respectively. 
111,1.3 Biomimetlc Transformations 
The occurance and striking structural resemblance 
of isoflavonoids from P.tuberosa suggested to carry out 
their biomimetic transformations to correlate the previously 
proposed biogenetic scheme in absence of any uneguivocal 
direct evidence. 
The sequence of reactions catalysed by different 
enzyme of unknown origin and identity inside the plant; 
P.tuberosa. were mimeced by chemical pathway usina a variety 
of reagents. The compounds under study have been isolated 
and fully characterised from P.tuberosa. 
During the course of study, the pterocarpan (4) was 
synthesised from puerarone (3) in two steps involving 
(i) NaBH^ reduction and (ii) cvclisation of the resulting 
(+)isoflavan-4-ol to (+)deoxytuberosin (4) using irild 
acidic conditions,(Scheme II). 
The notable structural correlation projected by 
biogenetic scheme involves the gradual proliferation of 
oxygen while starting from deoxytuberosin (4) to la-
hydroxytuberosone (7) via the 6a-oxypterocarDan (6), This 
important sequence of transformation of pterocaroan to 
6a-oxypterocarpan and to pterocarpanone were carried out. 
The conversion of pterocarpan to 6a-oxypterocarpan 
in culture media has been oreviously accomolished using 
-98-
MeO 
(3) 
QMe 
(11) 
MeO 
(14) 
MeO 
• > 
MeO 
\l^ 
(3a) 
(4) 
M^^^v^^k.^^ 
(15) 
a'le 
a.'ie 
Scheme II Contd. 
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b io t i c and ab io t ic e l i c i t o r s including the heavy metal 
s a l t s and UV i r r a d i a t i o n ' 
3,9-DiiBethoxypterocarpan (11) was read i ly converted 
to 6a-hydroxy-3,9-dimethoxypterocarpan (12) using lead 
t e t r a a c e t a t e - a q . ace t icacid in cold dichloromethane medium. 
21 The reported conversion of pterocarpan (11) to 
pterocarpene (13) using the same reagent lead t e t r a a c e t a t e 
i s probably furnished via 6a-oxyder ivat ive . Another 
i n t e r e s t i n g transformation of l la-methyl-pterocarpan (14) 
to 6a-hydroxy-lla-methylpterocarpan (15) demonstrated the 
22 
versatility of the reagent . The transformation of 
anhydrotuberosin (18), a pterocarpene to 6a-oxypterocarpan 
(16) was tried repeatedly without success. The fact that 
anhydrotuberosin (18) strongly resisted the conversion by 
a variety of epoxidising reagents to furnish tuberosin (16) 
was taken as an indication of poor biogenetic link between 
these two compounds. On the other hand, it also substantiated 
the claim of pterocarpan as the most likely precursor of 6a-
oxypterocarpan compounds. 
The next evidence for the biogenetic Scheme I was 
furnished by the interconversion of tuberosin (16) and la-
hydroxytuberosone (17). Out of a wide variety of reagents 
which covers Fremy's salt, thallium (ITI) triperchlorate, 
thallium (III) triflouroacetate and sodium periodate, the 
latter was effective in converting the phenolic moiety of 
structure (16) to the corresponding 2-quinol structure (17) 
- 1 0 0 -
(16) (17) 
(16) 
(19) 
Scheme I I 
-Id-
as identified by its IR and mass spectra. The IR spectrum 
of the PLC purified product shov/ed the presence of -OH 
function and the conjugated carbonyl group at 3450 cm" and 
1635 cm" respectively. The molecular ion peak at m/z 354 
alongwith the fragment ion peaks at m/z 339, 323, 305 and 
294 supported the la-hydroxytuberosone structure (17). The 
product was reconverted to the parent tuberosin molecule (16) 
using Zn/AcOH which further established the identity of the 
formerly obtained dienone. The remote oxidation of phenol 
to £-quinol moiety and related conversions are v^ ell exemplified 
in the chemical literature as employed to estrone (20) and 
24 
other phenolic moiety of Homoisoflavonoid derivative (22) to 
give the Dracenone natural product (23). O 
P 
(22) >-H 
MeO OH 
Final ly the conversion of anhydrotuberosin (18) to 3-0-
methylanhydrotuberosin (19) and v ice-versa using .Viel and BBr^ 
at -80 C respec t ive ly paved the way for the t o t a l synthe t ic 
route to anhydrotuberosin (18) as the e laborated synthesis of 
3-0-methyIanhydrotuberosin (19) has been previously achieved^^. 
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111,1.4 Experimental 
Conversion of puerarone (3) to deoxvtuberosin (4) 
To a stirring solution of puerarone (20.0 tng) in 
methanol was added sodium borohydride (25.0 mg) in small 
portions and stirring was continued for arout half an hour. 
The evaporation of solvent under vacuo furnished a residue 
which was diluted with water, acidified with dil. hydrochloric 
acid and extracted with chloroform (2x10,0 ml). The combined 
organic layer was again washed v>'ith water and dried over 
anhydrous Na^SO^ to give the corresponding isoflavan-^-ol 
as oil on removal of chloroform. 
UV(;vieOH) : 230, 280 and 320 nm. 
MS : m/z 340 (M*), 187 and 138. 
To the resulting lsoflavan-4-ol dissolved in dichlor-
omethane (10.0 ml) was added glacial acetic acid (2,0 ml) 
and refluxed for one hr. The solvent was freed to give a 
residue which was washed with water and extracted with 
ether to afford deoxytuberosin (4) (6,0 mg), identical to 
naturally occurring material in all respects. 
UV(MeOH) : 220, 280, 308 and 332 nm 
.'•^  : m/z 322 (i/), 307 and 136. 
Conversion of 3.9-dihvdroxvpterocaroan (11) to 6a-hvdroxv-
3.9-dimethoxvoterocarpan (12) 
To a stirring solution of ice-cold 3,9-dimethoxyDtero-
carpan (11, 25.0 mg) in dichloromethane (10.0 ml) was 
-103-
added lead tetraacetate (LTA) (10.0 mg), acetic acid 
(l.O ml) and stirring was continued for one hr. The 
evaporation of solvent afforded the brownish residue which 
was washed with water (2x20.0 ml), extracted with chloroform 
(2x20.0 ml) and solvent freed to give 6a-hydroxy-3,9-
dimethoxypterocarpan (12) on purification over PLC in 
chloroform : hexane (1:1, v/v) as viscous oil (10.0 mg). 
UV(MeOH) : 215, 230, 280 and 330 nra 
IR : 3300 (br), 1620, 1590, 1480, 1320, 1260, 
840 and 760 cm"-''. 
JvlS : m/z 300 (M"^), 285, 284, 256, 241 , 224, 186, 
163 and 148. 
Conversion of t u b e r o s i n (16) to l a -hydroxy tube rosone (17) 
Tuberos in (16, 30 ,0 mg) was mixed wi th aq . s o l u t i o n (50 ml) 
of sodium p e r i o d a t e in excess (20 .0 mg) and s t i r r e d for ten 
h r s , A l i g h t brown r e a c t i o n mix ture was ob ta ined which was 
c o n c e n t r a t e d , d i s so lved and e x t r a c t e d tho rough ly wi th e t h e r 
(2x25.0 ml) t o g ive the syrupy r e s i d u e on s o l v e n t evapo-
r a t i o n . The crude product v/as p u r i f i e d over s i l i c a g e l 
PLC us ing e t h y l a c e t a t e : hexane (2 : 3 , v /v ) as s o l v e n t 
system to g ive la -hydroxytuberosone ( 1 7 ) . 
'JV(iuea-i) : 222, 280, 303 and 320 nni. 
IR(N'eat) : 3450 (b r , uH), 1635 (conjug.i ted >'C=0), 
1435, 1040 and 760 cm'"^. 
- 1 0 4 -
MS : m/z 354 (M"*"), 3 3 7 , 3 2 3 , 305 and 1 6 3 . 
Conversion of l a -hvdroxv tube rosone (17) to t u b e r o s i n (16) 
l a -hydroxy tuberosone (17, 1 0 . 0 mg) obta ined from 
t u b e r o s i n (16) was s t i r r e d wi th Zn-dust (20 .0 mg) and g l . 
a c e t i c acid ( 4 , 0 ml) for two h r s . The s o l v e n t was freed to 
g ive a r e s i d u e which was d i l u t e d wi th water ( 1 5 . 0 ml) and 
e x t r a c t e d wi th chloroform (2x15 .0 m l ) . The combined f r a c t i o n 
on removal of s o l v e n t s afforded t u b e r o s i n (16 , 6 . 0 mg) which 
was i d e n t i c a l t o an a u t h e n t i c sample of n a t u r a l l y o c c u r r i n g 
t u b e r o s i n , 
ra.p. : 211° 
UV(MeOH) : 220, 280, 312, 318 and 325 nm 
IR : 3250, 1610, 1560, 1380, 1160, 1040, 300 
and 760 cm" . 
MS : m/z 338 (M"*"), 3 2 0 , 305 and 1 4 9 . 
Conversion of anhydrotuberosin (18) to 3-0-methylanhydro-
tuberosin (19) 
To a so lu t ion of anhydrotuberosin (18, 10.0 mg) in 
dry acetone (10.0 ml) with methyl iodide (1.0 ml) and 
anhydrous potassium carbonate (20.0 mg) was refluxed for 
about one h r . The react ion mixture was dr ied under vacuo 
to giv^ a res idue which was dissolved in e ther (20.0 ml), 
washed with water and solvent evaporated to give the product 
(19, 6.0 mg). I t was found to be iden t i ca l with an authent ic 
sample of n a t u r a l l y occurring 3-O-methylanhydrotuberosin. 
m.p. : 165 
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UV(MeOH) : 230, 245, 332 and 360 nm 
MS : m/z 334 (M*), 319 (M*-15,base peak) and 
295. 
Conversion of 3-0-roethvlanhvdrotuberosin (19) to 
anhvdrotuberosln (18) 
To a stirred solution of 3-0-oaethylanhydrotuberosine 
(18, 20.0 mg) in dry dichloromethane (15.0 ml) at -80° was 
added boron tribromide in excess (2,0 ml) via a syringe 
and stirring continued for half an hour. The reaction 
mixture was allowed to warm upto room temperature and 
solvent removed to furnish the residue which was washed 
with water (2x10.0 ml), extracted with chloroform (3x10.0 ml) 
and concentrated under vacuo. The product obtained 
(12.0 mg) was identical to a natural sample of anhydro-
tuberosin. 
m.p, : 185** 
UV(MeOH) : 238, 330, 350 and 362 nm. 
MS : m/z 320 (M"*"), 305, 295 and 136. 
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111.2,1 Synthesis of Puerarone 
Puerarone, the novel isoflavone from P. 
tuberosa was assigned the structure (11) on the basis of 
spectroscopic analyses and chemical transformations. The 
synthesis of puerarone has been achieved by an efficient 
route. 
The scheme I followed for its synthesis utilised 
the intermediacy of 2',4'-dihydroxy-7-methoxy isoflavone 
(8). The required intermediate was prepared from the 
2 
corresponding chalcone. The chosen route provides an 
easy accessability of the requisite starting material, 
cleaner reactions and comparatively better yields, 
Resacetophenone (1) on selective methylation with 
methyl iodide and potassium carbonate in acetone 
furnished 2-hydroxy-4-methoxyacetophenone (2) while 2,4-
dibenzyloxy benzyldehyde (4) was obtained by the benzyl-
ation of resorcyldehyde (3) using benzyichloride and 
potassium carbonate in ethanol. The condensation of this 
acetophenone and the benzyldehyde derivatives (2) and (4) 
with 50^ aq, sodium hydroxide furnished the required 
chalcone (5) which was duly characterised . The formation 
of chalcone was indicated by the presence of a,p-
unsaturated carbonyi group at 1630 and 1540 cm" in IR 
spectrum, ihe PMR spectrum of the resulting chalcone 
(5; lacked the aromatic methyl singxet and aldehydic 
proton of the corresponding starting materials. Moreover, 
- 1 1 1 -
(1) y 
HO 
CHO 
(3) 
OBz 
OBz 
^ 
(9 ) 
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MeO 
(11) 
\k 
Scheme I 
MeO 
MeO /\ 0 
(9) 
Scheme II 
(13) 
HO 
MeO 
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the molecular ion peak at m/z 466 confirmed the structure (5) 
The chalcone (5) on stirring with thallium (III) 
nitrate in methanol at room temperature afforded the 
acetal (6) which was directly processed to prepare the 
corresponding isoflavone by the acid catalysed cyclisation. 
The acetal (6) on stirring with lOj^  aq, hydrochloric acid 
afforded the dibenzyloxy isoflavone (7) which on purificat-
ion over silica gel column chromatography in hexane: 
chloroform (1:1) as eluant was obtained in over 73j< yield. 
The IR spectrum of the compound (7) showed an intense 
absorption band at 1650 and 1620 cm" for the conjugated 
carbonyl group and exhibited a one proton singlet at 6 7.90 
for the characteristic C-2 isoflavone proton while the 
two benzylic methylenes at 6 5,00 and an aromatic methoxyl 
group at 6 3,78 were exhibited in its PMR spectrum. The 
observance of molecular ion peak at m/z 464 and prominent 
ion peak at m/z 373 formed from the loss of benzylic group 
supplemental the dibenzyloxy-isoflavone structure (7). 
The hydrogenation of the dibfiozyloxyisoflavone in 
acetone with 10j< Pd-C gave a mixture of products which 
when purified over silica gel with 5;< ethylacetate in 
hexane furnished 2',4'-dihydroxy-7-methoxy-isoflavone (9). 
Condensation of the resulting monomethoxyisoflavone (9) 
with 3-hydroxyisovaleraldehyde dimethylacetal in pyridine 
gave(10) and (11). The appearance of two doublets at 
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65.35 and 6.54 (J=10.0 Hz, each) in the PMR spectrum 
and the molecular ion peak at m/z 350 along-with the in tense 
ion peak a t m/z 335 (M-15) in the mass spectrum confirmed the 
presence of 2,2-dimethylchromene ring system . The l i nea r 
d i spos i t ion of the chromene ring was evidenced by the appearance 
7 
of a proton s i n g l e t a t & 7.10 in the PMR spectrum of mono-
methoxyisoflavone de r iva t ive (11) . The c h a r a c t e r i s t i c i s o -
flavone s i n g l e t appeared at 8 8.13 while the remaining proton 
appeared as mul t ip l e t between & 7.30-7.83 for three protons 
and a mul t ip l e t a t 8 6.82 for the C^-proton. UV and IR 
absorptions were c h a r a c t e r i s t i c of the isoflavone nucleus . 
The demethylation using BBr^ furnished the desired product 
(12) which was i d e n t i c a l to the n a t u r a l l y occurring puerarone. 
I I I . 2.2 Synthesis of Isomedicarpene 
The s t r u c t u r e of isomedicarpene described in chapter I I 
was elucidated mainly on the bas is of spectroscopic analyses 
and i t s co r r e l a t ion with other na tu ra l products of Puerar ia 
tuberosa . To f i n a l l y confirm the s t r u c t u r e , i t was pe r t i nen t 
to synthesize the pterocarpene by an unambiguous rou t e . 
The schemeII u t i l i z e d the intermediacy of previously 
synthesized 2 ' ,4 ' -dihydroxy-7-methoxyisoflavone ( 9 ) . The 
isoflavone (8) on reduction with d i - i s o b u t y l aluminium hydride 
(DIBAL-H) in dry THF at -80° under ni t rogen atmosphere afforded 
the corresponding isoflavanone (13) which on treatment with 
10;< d i l . hydrochloric acid in methanol furnished 3-methoxy-
9-hydroxypterocarpene ( l 4 ) , i d e n t i c a l to na tu ra l isomedicarpene. 
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III.2.3 Experimental 
2-Hvcii;oxv«»4«methoxvacetophenone (2) 
To a stirring solution of 2,4-dihydroxyacetophenone 
(60.0 g) in dry acetone (700.0 ml), anhydrous potassium 
carbonate (60.0 g) and methyliodide (180.0 ml) were added. 
The reaction mixture was refluxed for ^ hr cooled, filtered 
and washed with host acetone. The evaporation of solvent 
afforded a residue which was dissolved in chloroform, 
washed with water and dried over anhydrous Na^SO^. The 
solvent was removed to give an oily product which was 
crystallised from hexane:ether (1:1) to furnish 2-hydroxy-
4-methoxyacetophenone (49.0 g), m.p.47° (lit. ra.p,^2-49°), 
yield 76/.. 
IR : 3000, 1620, 1260, 104C and 840 cm""'-
Pf/.R(CDCl3) : 2.48 is, 3H, -6-CH3), 3.72 (s, 3H, Ar-0Qi3), 
6.36 (m, 2H, Ar-H), 7.56 (d, IH, ortho 
to >C=0) 
MS : m/z 116 (M"*") 
2.4-.dibenzvloxvbenzvldehvde (4) 
Resorcyldehyde (60.0 g) in ethanol was mixed with 
potassium carbonate (120.C g), 'lenzylchioride (120.0 ml) 
and sodium iodide (1.2 g). The suspension 'A'as refluxed for 
6 hrs and the removal of solvent under vacuo afforded an 
oily residue which was crystallised from hexane-dichloro-
methane (1:1) to give 2,^-dibenzyloxyben2yldehyde (110.0 g), 
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m.p.82*' (lit. m.p.82°). 
IR : 166C (>C=0), 1595, 1250, HOC, 1020 and 
840 cm"^ 
PMRCCDCI^) : 5.00 (br ^ , 4H, PhCH2-C-), 6,52 (m, 2H, 
Ar-H), 7.25 (brs., lOH, 2xPhCH2-0-), 7.80 
(d, IH, Ar-H) 
.MS : m/z 384 (M * ) . 
2.^-.dibenzvloxv-2'-hvdroxv-4*-n.ethoxYChalcone (5) 
To a mixture of 2-hydroxy-4-methoxyacetophenone (25.0 q) 
and 2,4-dibpnzyloxvbenzldehyde (^8.0 q) in ethanol (500.0 ml) 
was added 50^ (w/w) solution of aq, sodium hydroxi'~'e (80.0 ml) 
and the reaction mixture was refluxed for 2 hrs to furnish a 
yellow precipitate which was filtered, washed v;ith dil, 
hydrochloric acid and water. Recrystallisation from eth^r-
dichloromethane yielded the yellow needles of chalcone ( 5 ) , 
n.p.l55° (lit. ir..p.l57^), yield 51>^. 
^^ : 1630, 1540, 1320, 1225, 1140, 1010 and 825 cm""'-. 
PiAR(CDCl3) : 3.7-1.0 (s., 3H, OCH^) , 5.00 (^ , 4H, 
2xPhCH2-0-), 6.00-6.70 (m, 3H, H-3, 3' 
and 5 ' ) , 7.15-7.82 (m, 13H, Ar-H) 
i>^S : m/z 466 (M*"). 
2*.4'-dibenzvloxv-7-methoxvisoflayone (7) 
To a stirrinq suspension of chalcone (5) (31.0 q) in 
methanol (900.0 ml) was added thalliuti (III) nitrate 
(45,0 g) in small portions and stirring was continued for 
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6 hrs at room temperature. The reaction mixture "/as 
filtered and 10^ hydrochloric acid (90.0 ml) was added 
to the filtrate. The acidified filtrate was refluxed 
for 4 hrs more and concentrated to give a gummy residue 
which was diluted with water and extracted with 
chloroform. Evaporation of solvent under vacuo afforded 
the oily product which was purified by passing through a 
column of silica gel using hexane:chloroform (1:1) as 
eluent, m,p.l39° (lit. m.p.l41®), yield 76S. 
IR : 1650, 1620, 1440, 1260, 1240, 1035 and 840 cm' 
PMR(acetone-d^): 3.78 d , 3H, OCH3), 5.00 (£, 4H, 
2xPh-CH2-0-), 6.60-7.50 (m, 5H, Ar-H) 
and 7.90 {s, IH, Cj-H) 
MS : m/z 464 (M"*") 
2'.4*-dihvdroxv-7-methoxvisoflavone (9) 
To a stirring solution of benzyloxyisoflavone (7) 
(30,0 g) in acetone (700.0 ml) was added 10-/ Pd-C in 
catalytic amount and stirring continued under hydrooen for 
3 hrs. The reaction mixture was filtered and solvent removed 
to afford an oily residue to which was found to be a 
complex mixture on TLC. The silica gel column purification 
of the oily material furnished 2',4'-dihydroxy-7-methoxy-
isoflavone (9), m.p.210° (lit. m.p.211°), yield 20yi(,6 gm). 
UV(MeOH) : 248, 264 and 290 nm. 
IR : 3400 (OH), 1640 and 1620 cm""'" 
- 1 1 8 -
PMR(Acetone-d^ : 3 .85 (^, 3H, Ar-0CH3)r 6 .25 -6 .60 (m, 2H, 
DMSO-d^) C3,-H and C P ^ , - H ) , 6 .70-7 .45 (m, 3H, C^-H, 
Cg-H and C^ , -H) , 8.00 (^, IH, C2-H) and 
8.15 (d , IH, J = 8 . 5 Hz, C^-H). 
MS : m / z 2 8 4 (M"^), 2 6 7 , 2 5 4 , 1 5 1 , 1 3 4 . 
7-methoxvpuerarone (11) 
A mix ture of 2 ' , 4* -d ihyd roxy -7 -me thoxy i so f l avone ( 9 , 
200 ,0 mg) and 3 -hyd roxy i sova l e r a ldehyde d imethyl a c e t a l ( 0 . 5 ml) 
i n p y r i d i n e ( 1 0 . 0 ml) was s t i r r e d and re f luxed a t 150 fo r 
48 h r s . The r e a c t i o n mix tu re was concen t r a t ed under vacuo and 
t h e r e s i d u e o b t a i n e d was chromatographed over a column of 
s i l i c a g e l u s ing chloroform as e l u e n t t o g ive 7-methoxypuera-
rone ( 1 1 , 7 0 . 0 mg) as v i scous o i l . 
UV(MeOH) : 248 and 310 nra. 
IR(Neat) : 3400 ( b r , OH), 1660 (conjugated >C=0), 1570, 
1480 and 835 cm"""". 
PMR (Ace tone-d^) : 1.20 {s, 6H, 2XCH3), 3.90 (£ , 3H, Ar-0CH3), 
5 .35 (d , IH, J=10 .0 Hz, Cj^,-H), 6 .54 (d, 
IH, J=10 .0 Hz, C 2 , , - H ) , 6 .82 (m, IH, C^-H), 
7 .10 (£ , IH, C^ , -H) , 7 . 3 0 - 7 . 8 3 (m, 3H, C3,-H, 
C5,-H and Cg-H) and 8.13 (£ , IH, C2-H). 
MS : m/z 350 (M^), 335 (M'^-15), 319, 174 and 163. 
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Puerarone (12) 
To a stirring solution of monomethoxyisoflavone 
(11, 50.0 mg) in dry dichloromethane at -30° under nitrogen 
atmosphere was added BBr^ in excess (2,0 ml) via a syringe 
and stirring was continued for half an hour. The reaction 
mixture was allowed to warm upto room temoerature and solvent 
was freed under vacuo to afford an oily residue which on 
PLC purification using hexanerethylacetate on (2:1, v/v) 
furnished puerarone (12, 24.0 mg). 
UV(MeCH) : 230 and 305 nm 
IR(Neat) : 3400 (br, OH), 1665 (conjugated >C=0), 
1450, 1050 and 840 cm"-*" 
PMR(acetone-d^) : 1.40 (br s., 6H, 2XCH3), 5.62 (d, IH, 
J=10.0 Hz, C^3-H), 6.35 (d, IH, J=10.0 
Hz, C^2-")» •^3'7 U» ^^f C7-H), 7.02 (d, 
IH, J=2.0 Hz, Cg-H), 7.0^ {5, IH, C^^-H), 
7.20 (dd, IH, J=8.5, 2.0 Hz, C^-H), 8.14 
(d, IH, J=8.5 Hz, C^-H) an-" 8.3^ {s_, IH, 
C2-H) 
MS : m/z 336 {iA^), 321 (^ '•*•-CH3), 170 and 13^. 
2',4*-Dihvdroxv-7~methoxyisoflavonone (13 ) 
To a solution of 2',4«_dihvdroxv isoflavone (100.0 
mg) in dry THF was added di-isobutyl aluminiumhydride 
(DIBAL-H) in hexane (5.0 ml) at -8C°C under nitrogen 
atmosphere. After a stirring of 2 hrs, the mixture was 
quenched with methanol and allowed to warm upto room 
- 1 2 0 -
t e m p e r a t u r e . The s o l v e n t was evapora ted t o g i v e a r e s i d u e 
which was d i l u t e d with water and tho rough ly e x t r a c t e d w i t h , 
e t h e r . The removal of s o l v e n t fu rn i shed 2 ' , 4» -d ihydroxy-
i s o f l a v a n o n e ( 1 3 , 63 .0 mg) as brownish o i l . 
Yield : 63;< 
UV(MeOH) : 270 and 310 nra. 
IR(Neat) : 3400 ( b r , OH), 1710 (>C=0), 1670, 1480 and 
1060 cm"-^. 
PMR(CDCl3) : 3.84 {s, 3H, OCH3), 3.96 (m, IH, C3-H), 4 . 5 0 
(iS, 2H, C^-H), 6 . 3 0 - 6 . 5 2 (rn, 3H, C3,-H, C^.-H 
and Cg-H), 6 .62 (dd, IH, J = 8 . 5 , 2 . 5 Hz, C^-H), 
7 .06 (d, IH, J = 8 . 5 Hz, C^,-H) and 7 . 8 0 (d , 
IH, J=8 .5 Hz, C5-H). 
3«-methoxy-9-hydroxypteroc arpene (14 ) 
A s o l u t i o n of 2 ' , 4 • -dihydroxy-7-methoxy i s o f l a v a n o n e 
(13, 7 0 . 0 mg) in methanol (20 .0 ml) and d i l . h y d r o c h l o r i c acid 
( 5 . 0 ml) were hea ted under s t i r r i n g fo r 2 .0 h r s . The s o l v e n t 
was evapora ted t o g ive a r e s i d u e v/hich was n e u t r a l i s e d , washed 
tw ice wi th w a t e r , extrac1:ed wi th chloroform and d r i e d over 
anhyd. Na2S04. The s o l v e n t was removed and the r e d d i s h brown 
r e s i d u e obtaLned was passed through a s ^ a l l cclumn of s i l i c a 
g e l in hexane:ch loroform ( 1 : 1 , v / v ) as e l u e n t to f u r n i s h 3 -
methoxy-9-hydroxypterocarpene ( l 4 , 20 .0 mg) as p a l e yel low 
c r y s t a l s from hexane-benzene . 
Yie ld : 28j< 
m.p . : 134° 
UV(MeOH) : 280, 305 and 340 nm. 
IR : 3400 ( b r , OH), 1610, 1080 and 1025 cm'"^. 
- 1 2 1 -
PMR(CDCl3) 
MS 
3.70 (^, 3H, OCH3), 5.46 {s, 2H, C^-H), 
6 .40 (in, 2H, Cg-H, C ^ Q " " ^ * ^ ' ^ ^ ^ ^ » ^ " ' 
J = 9 . 0 , 2 . 5 Hz, C2-H), 6 .90 (d, IH, J = 2 . 0 Hz, 
C^-H), 7 .10 (d , IH, J=9 .0 Hz, Cj^-H) and 
7 .25 (d , IH, J = 9 . 0 Hz, C^-H). 
m/z 268 (M"^), 267 (M'*'-l, base p e a k ) , 253, 
224, 197 and 134. 
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Chapter IV 
Chemical Investigation of Verbena hybrida. 
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IV.1 Introduction 
The genus Verbena belongs to family Verbenaceae and 
is one of the most widely distributed genera. It corriorises 
of about 25C species and is found predominantly in the 
tropical and temoerate regions of the world . 
The herb is corrarionly known as Vervain and is grown 
for annals as ornamental flowers. The plant material has 
also been used medicinally in different parts of the world. 
The Omaha Red Indian used it for flavouring of food material 
and in beverages preparation. In Africa, it is medicinally 
2 
used for eczema, bronchitis and menstrual disorders . 
The leaves 'Herba Verbenae' is used as diuretic, 
oerspirating agent and as a ooultice for skin diseases. It 
has been used for one time or another for anemia, dronsy, 
dysuria, headache, malaria, neuralgia, pertussis, ulcer and 
uterosis . 
The herb has got orofound importance in ethanobotany 
and said to be antihelminthic, antispasmodic, aphrodisiac 
astringent, erarr^ enogague, purgative and tonic. It is used 
homeopathically for kidney stones"' . 
The soecies is located in lo'ver Himalayas, Khasi hills 
and Araku valley in India. It is used for medicinal 
purposes and as a substitute for tea by local oeoole . 
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IV.2 Previous Work 
There has been no previous report with resoect to the 
chemical constituents from V.hybrida. However, an earlier 
study on the aerial oarts of V.bonariensis resulted in the 
isolation and characterisation of griselinoside (1), 
pendulatin (2) and 6-hydroxyluteolin-3'-methylether (3) while 
V.officinalis is reported to contain aucubin {^), a penta-
methoxvflavone, artmetin (5), sterols and triteroenes. It is 
also reported to contain verbenalin (6), verbenone (7), 
Qlucose and essential oil which is comorised of citral, 
geraniol, limonene and some other monoteroene alcohols. The 
oil can find place in perfumary. Later the presence of 
another iridoid glucoside, hastatoside (8) from V.hastata 
and V.officinalis alonq'vith phenyl orooanoid olvcosides 
identified as verbascoside {^), eukovoside (IC) v^ ere 
established in V.officinalis . The list also includes 
P-carotene, stachyose suqar, anthocyanins, tannins and some 
unidentified saoonins. 
In a Tiuch earlier communication oy Rimoler et_ aj^  
on the chemical constituents of V.brasilienses. brasoside 
(11) and vpbraside (1?) were reoorted ''•'*•'• . 
IV.3 Present Report 
As a part of the programme at our instituted aimed 
at the identification of potential fertility regulating 
agents from national sources, the activities assigned to 
- 1 2 6 -
CO^Me 
0 I ^ 
MeO^^^x^^^O 
OH 
(2 ) 
GMe 
HOH 
MeO 
MeO 
OMe 
OMe 
0 C02Me 
Me 
(7) 
- 1 2 7 -
OH 
--^2-0" 
(9 ) 
HO 
MeO CHTCH — C — 0 
Me 
OH 
0 —CHj—CH OH 
(10) 
(11) 
-128-
V.hvbrida made it the second candidate for our study. The 
significant antiimplantation activity found in 95;^  ethanolic 
extract was localised in subsequent fractions at a dose level 
of 50 rag/kg (6/lO) in bioassays at our institute. 
The ethyl acetate and ri-butanol fractions on 
extensive silica gel column chromatography led to the isolat-
ion of several compounds as listed in Table 1. 
Table 1: Substances isolated from V.hybrida 
SI, Substance 
No. 
Molecular m.o. 
formula (©C) 
Identified as 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
Substance 
Substance 
Substance 
Substance 
Substance 
Substance 
Substance 
A 
3 
C 
D 
E 
F 
G 
^29^50^ 
^29^50° 
^30^48^3 
^30^50° 
^17"24°10 
^17"24°11 
^15^24^10 
156 
136 
278 
213 
182 
194 
-
Stigmastan-3-one 
P-Sitosterol 
Ursolic acid 
Lupeol 
Verbenalin 
Hastatoside 
Hybridoside* 
•"New N a t u r a l P r o d u c t . 
Subs tance A; 
It was crystallised as white shining crystals from 
dichloromethane. The molecular formula ^^Q^'^cP corresoonded 
to the molecular ion peak observed at m/z 414 in the mass 
spectrum of substance A. The red colouration turning ourple 
1-2 
and later green in Libermann-Surchard test indicated the 
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sterol nature of the compound. The IR absorption band at 
1710 cm"" indicated the presence of six membered ring 
ketone . The PMR spectrum displayed overlapping signals 
for six methyl groups ranging from 6 0,70-1,05, a four 
proton multiplet at 2,20-2.50 assignable to two active 
methylene groups adjacent to the carbonyl function and a 
broad hump between 6 1,15-1.90 for the rest of the poly-
methylene protons in the molecule. The mass spectrum 
showed prominent fraament ion peaks at m/z 399 (iV. -lAe), 
273, 271, 231, 229 and 203 indicating the stigmastane 
15 
nucleus of substance A which was identified as 
stigmastan-3-one (13) by an overall comparison of m.p,, 
m.m.p,, TLC, MS and IR spectra with an authentic sample, 
Stigmastanone is also known as fucostanone, 
spinastanone and P-sitostanone and has rare occurance in 
nature^^'^\ 
Substance Bt 
It was crystallised from methanol as colourless 
flakes. The mass S)>ectrum showed the molecular ion ceak 
at m/z 414 which corresponded to the molecular formulae 
C2QHtQ0. Substance 3 gave yellowish colouration with 
18 tetranitromethane and also showed a deeo blue-green 
13 
colour in Libermann-Burchard test indicating the unsaturated 
nature of sterol. The IR spectrum of substance 3 exhibited 
strong absorption band at 3^50 cm~ for the hydroxyl group 
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while absorption bands at 1640, 835 and 800 cm" were 
indicative of the ethylene double bond unsaturation in the 
19 
molecule . A one proton multiplet at 6 5,35 in the PMR 
spectrum of substance B could be attributed to the olefinic 
proton of trisubstituted double bond and a one proton 
multiplet at 6 3.55 was assigned to the carhinolic proton 
(>CH-OH) in the molecule. The preparation of monoacetate 
(M , m/z 456) established the presence of single hydroxyl 
group. The PMR spectrum also displayed signals in the range 
of 6 0.65-0,96 for eighteen protons of six methyl groups, a 
broad singlet in the region 6 1.12-1,88 for twenty two 
protons of polymethylene nature. The mass spectrum frag-
mentation of substance A showed the characteristic fragment 
ion peaks at m/z 273, 255, 231 and 213 which were confirmatory 
15 for the presence of sti^mastane group , The main oeak at 
m/z 213 led to the placement of C,QH2J^ (m/z 141) side chain 
20 
unit at C-17 position in the ring-D of sterol 
Thus the physico-chemical data obtained and a direct 
comparison with the authentic material in all respects 
established the identity of substance 3 as P-sitosterol (14). 
Substance C: 
The elemental comoosition O^H-pO- for substance C 
was substantiated by its molecular ion peak at m/z 456. It 
gave a deep red colour turning blue in Libermann-Burchard 
21 18 
test and yellow colouration with tetranitromethane , In 
its IR spectrum, it showed strong absorption bands in the 
- 1 3 1 -
(13) (14) 
CO2H 
HO < > - ^ 
(15) (16) 
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region 3350 cm" for the hydroxvl function another intense 
absorption band at 1685 cm" for the presence of carhonyl 
group. The absorption peaks at 1665, 8^0 and 790 cm" 
were indicative of the ethylenic double bond in the comDOund 
A one proton multiplet at 6 5.26 for olefinic oroton 
(>C=CH-) in the PMR spectrum evidenced the presence of 
trisubstituted double bond. The carbinolic proton 
(>CH-OH) at 6 3.10 as multiplet was supportive of the 
hydroxyl group which further was confirmed by the preparat-
ion of acetate derivativeCw"*^ , m/z ^98). The diethyl ester 
(M , m/z 470) of substance C formed from diazomethane 
showed the presence of one carboxyl unit in the rrolecule. 
22 
The characteristic mass soectral fragmentation pattern 
of the compound indicated the C-12 unsaturated triteroene 
class for substance C. The retro Diels-Alder cleavage 
which showed fragment ions at m/z 208 and m/z 2^8 together 
with another intense peak at m/z 203 sugqested the C-12 
series of triterpene acid. The P'>W soectrum also showed 
a group of overlapping signals betwe^ -n 6 0,66-1,10 fcr 
twer^ tv one orotons assianable to seven methvl arouos and 
a broad hump between 6 1,25-2,00 for methviene orotons. 
All the foregoing data and the m.ass fraqmentaticn which 
exhibited prominent neaks at m/z 456 (fA ), ^^l (M -^e), 
438 (/.l'^ -H20), 248 (base peak), 220, 208 and 203 as depicted 
in Figure 1 substantiated the ursolic acid structure (15) 
for substance C. The final comparison of substance C with 
an authentic sample of ursolic acid by m,p,, m.rr,p,, TLC 
-133-
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-134-
and IR spectrum clearly established the identity of 
substance C« 
Substance D 
It was crystallised from ethyl acetate in the form of 
colourless needles, m.p.214^. Substance D was assigned the 
molecular formula C ^ Q H ^ O which was substantiated by its 
molecular ion peak at m/z 426. The bright yellow colouration 
18 
with tetranitromethane and red colour in Libermann-
21 Burchard test indicated the unsaturated trlterpcnoid 
nucleus for substance D. The IR spectrum showed absorpt-
ion bands at 3400, 1645 and 870 cm" which were indicative 
of the hydroxy group and the substituted ethylenic double 
bond in the compound. The mass spectrum of substance D 
followed the fragment ion peaks at m/z 219 and 207 which 
could be assigned to species'a' and'b' in the mass spectrum of 
the molecule. The loss of 42 mass units from the molecular 
ion indicated the presence of isopropenyl group which was 
further substantiated by a two proton doublet at 6 4.60 
due to vinyllc methylene group (CaHg-fcsCHg) and a three 
proton singlet at 6- 1,65 for vinylic methyl group 
(CH2-Cs=CH2) in the PMR spectrum * . The appearance of 
carbinolic proton (>CH-OH) at 6 3.22 and preparation of 
monoacetate (M , m/z 468) cor^responded to the presence of 
one hydroxyl group in substance D. The PMR spectrum of 
the substance D was also analysed for a bunch of singlets 
-135-
m/z 408 ^ 
-H2O 
m/z 426 (M^) 
-CH. 
-C3H6 
-> ra/z 411 
-^m/z 384 
•e* m/z 189 
•c» m/z 220 
*b' m/z 219 
•d» m/z 206 
Figure 2 
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ranging from 6 0,78-1.26 Integrating for eighteen protons 
assignable to six methyl groups and a broad hump between 
6 1.3-1.48 due to the polymethylene protons. The 
appearance of fragment ion peaks at m/z 411 (M -Me)t 
408 (A(*"-H20)» 384 (M^-CgH^) and m/z 189 along with 
the prominent fragment ions in the mass spectrum as 
depicted in Fig,2 were indicative of the lupeol structure 
(16), A thorough comparison of substance D with the 
authentic material confirmed its identity. 
Substance E 
It was obtained from the polar fractions mainly 
containing the iridoid glycosides. The violet 
colouration in vanillin-hydrochloric acid spot test 
25 
and UV irradiation suggested the iridoid nucleus for 
26 
substance E, The positive Fiegel's Test showed the 
glycosidic nature of substance E. The preliminary 
spectroscopic examination of UV maxima at 240 nm indicated 
27 
the conjugated carbonyl system in the molecule . The 
IR spectrum which exhibited absorption maxima at 3350, 
1730, 1660 and 1640 cm" were assignable to the hydroxyl 
groups, cyclopentanone moiety and a,^ unsaturated 
* 28° 
carbonyl function in an iridoid nucleus . The EI mass 
spectrum which showed prominent ion peaks at m/z 163, 
145, 127 and 109 were assignable to the fragment ions of 
glycosyl unit of the substance E. However, molecular 
ion peak could not be observed under EI course of mass 
(21) 
m/z 388 (M"^ ) 
p C02Me 
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• a ' m/z 226 
^ C02M< 
Me 
0 
' c ' ra/z 209 
<1+6H 
Me 
'd* m/z 163 
-H2O 
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F igure 3 
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spectrum but the intense ion peaks at BB/Z 226, 209 and 
139 were indicative of the aglycone part of the structure 
as shown in Fig. 3, The comprehensive structure deduction 
rests heavily on the TI-hJMR data of the compound. The 
nearly identical positions of the proton resonances in 
the magnetic field pointed towards its similarity with 
verbenalin. The PMR chemical shifts for substance E were 
recorded as a three proton singlet at 6 3.79 for the 
carbomethoxy group placed at C-4 position in agreement with 
30 
the biogenetic view point and observation of characteri-
stic one proton broad singlet at 6 7.58 placed at C-3 in 
conjunction with the presence of the carbomethoxy ethereal 
system (-O-OTssC-C-OCHo) of iridoid nucleus. The one 
proton doublet at 6 5.71 (JB6.0 HZ) was assigned to C-1 
proton and a group of signals ranging from 6 3.26-3.93 
were observed for the glucosyl protons. Another one 
proton doublet in the PMR spectrum at 6 1.19 (J=6.0 Hz) 
was assigned to one methyl group which is biogenetically 
31 placed at C-8 position . Furthermore, the borohydride 
reduction of substance E afforded the racemic dihydro 
derivatives (17) and (18) which differed to a known sample 
32 
of loganin (19) . The structurally related ketologanin 
(20), obtained from the chromic acid oxidation of loganin 
(19) was also different to substance E, 
The spectroscopic analyses and chemical correlation 
studies along with its comparison with a known sample 
- 1 3 9 -
Subs tance E 
O.glu 
(19) 
OH 9°2'^® QH 
• > 
COgMt 
Me o . g l u Me O.glu 
(17) (18) 
COjjMt 
> 
CO2M 
(21) 
(22) 
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of verbenalin were in complete accordance with the 
structure (21) followed for substance E, 
Substance F 
It was obtained as optically active white crystalline 
product from the iridoid rich fraction. Substance F 
responded positively to the vanillin-hydrochloric acid 
25 
spot test and suggested the iridoid nucleus . The 
characteristic absorption maxima at 238 nm in the UV spectrum 
of substance F was concluded for the C,Q carbon skeleton 
of the iridoid nucleus incorporating the unsaturated a,p-
27 
conjugated carbonyl system in the molecular framework 
The absorption bands at 3380 cm" showed the presence of 
hydroxyl groups while the absorption bands at 1760 and 
1680 cm" were identified for the characteristic iridoid 
cyclopentanone moiety and the conjugated carbonyl group 
28 1 from IR spectrum . The H-NMR spectrum of substance F 
showed a three proton sharp singlet at 6 3.70 assignable 
to the carbomethoxyl group and one proton singlet located 
a^ 6 7,51 was characteristic of the olefinic proton of 
ethereal a,P-conjugated carbomethoxyl system (-O-CHsC-C-OCH^) 
in the iridoid molecule. A three oroton doublet at 6 1.14 
(J=6,0 Hz) was idontifieri for the C-8 methyl group. The 
acetic anhydride-pyridine acetylation product of substance F 
showed the molecular ion peak at m/z 572 and was accounted 
for the presence of four free hydroxyl groups in the parent 
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iridoid substance F. The difference in 16 mass units 
in the molecular weight of the known verbenalin acetate 
(M , m/z 556) and acetyl derivative of substance F (M"*", 
m/z 572) suggested the presence of one chelated hydroxyl 
group in the aglycone part of substance F. Again, the PMR 
spectrum of parent substance F exhibited a one proton 
multiplet each at 6 2.26 and 2.46 which were assigned to 
the ring junction protons C-5 and C-9 in conjunction with 
other multiplet observed for the C-8 methine proton. 
These foregoing data led to the hastatoside structure (22) 
9 
which were in complete agreement with the reported values. 
Substance G 
It was obtained as amorphous solid and gave an orange 
colour with vanillin-hydrochloric acid spot test. It 
showed absorption at 204 nm in UV and at 1665 (C=C), 1080 
cm" in the IR spectra indicating the presence of non-
33 
conjugated enol ether system of iridoidic nature. The PMR 
spectrum of substance G substantiated the fin-iing by 
displaying a set of double doublets at 6 5.03 (J=6.5, 3.0 Hz) 
and 6.24 (J = 6.5, 1,5Hz)for the characteristic C-4 and 
C-3 protons. The one proton broad singlet at 6 5,70 was 
assigned to the C-1 hemiacetalic proton in the irldoid 
nucleus while the glucosyl unit was evidenced from the 
positive Fiegel's test and acid hydrolysis of Substance G, 
The exhibition of a bunch of proton resonances in the PMR 
spectrum in between 6 3.12-3.58 were accountable for the 
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glucosyl unit. The anomerlc proton at C-l* appeared as a 
broad singlet at 6 4.37 which showed further sign of 
splitting. The methine protons placed at ring junction 
were obtained as multiplet at 6 2.48 and a broad triplet 
at 6 2.58 for C-5 and C-9 protons respectively as observed 
in a number of known iridoid of similar structural envior-
nmen appearance of a set of doublets at 6 4,11 and 
6 4.29 (J=13.5 Hz) were attributed to the hydroxy methylene 
protons at C-10 positions while the carbinolic protons at 
C-6 and C-7 positions were observed as a pair of doublets 
at 6 4.61 and 6 4.88 (J=7.0 Hz) with a sign of further 
splitting. These foregoing data helped in concluding the 
tentative structure (23) for substance G. 
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IV, 4 Experimental 
Isolation of constituents 
The air dried finally oowdered 5.0 kg leaves of 
Verbena hybrida (Verbenaceae) were percolated with 95>< 
EtOH (3 X 10 L). The corf.bined extract after removal of 
solvents under reduced pressure below 50° gave greenish 
material (116.5 gm) which was gross-fractionated on a 
column of silica gel to oive hpxane soluble (13.0 g), 
ethylacetate soluble (^ 3.0 i) and n-butanol soluble 
(26.5 g) fractions on concentration under vacuo. 
Purification of Ethyl acetate soluble fraction 
The green coloured ethyl acetate soluble fraction 
was found to be a complex mixture on TLC. A part of this 
material (12.0 g) was subjected to further fractionation 
over a silica gel column in hexane. The column was eluted 
with h'^ xane and then with a variable mixtures of hexane 
and ethyl acetate in an increasing polarity. The fractions 
of 500 ml were collected and combined tooether on the 
basis of TLC pattern. The results on the ethylacetate 
soluble fraction are summarised in Table 2. 
Table 2: Column chromatography „of ethvl acetate soluble 
fraction. 
Fractions Eluent Remarks 
1-4 Hexane Contains oily mixture 
5-9 Hexane:Ethyl acetate Contains oily mixture 
(90:10, v/v) 
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Fractions Eluent Remarks 
10-14 
15-18 
19-22 
23-26 
27-31 
32-36 
Hexane:Ethyl acetate 
(85:15, v/v) 
HexanetEthyl acetate 
(80:20, v/v) 
Hexane:Ethyl acetate 
(70:30, v/v) 
Hexane:Ethylacetate 
(60:40, v/v) 
Hexane:Ethylacetate 
(50:50, v/v) 
Hexane:Ethylacetate 
(40:60, v/v) 
Contains Substance A 
Contains substance 
A and 3 
Contains substance C 
Contains substance D 
Contains substance D 
and green oigment 
Contains green 
pigments 
Fraction 1-9 were trixed together and concentrated 
under vacuo to give an oily mixture (1.21 g). 
Fraction 10-14 were combined on the basis of their 
similar TLC pattern and their concentration under vacuo 
gave a residue (0,24 g) which on reoeated crvstallisation 
from dichloromethane furnished substance A (60,C mg) as white 
shining crystals. 
Substance A (stigmastan-3-one, 13) 
m.D.156 
IR: 2940, 1710, 1^ 360, 1385, 1080 and 870 
PMR(CDCl3) : 0.70-1.05 (overlapping s., 3H each, 6XCH3) , 
1.15-1.90 (m, 24H, polymethylene) , '^.20-2.50 
(m, 4H, CH2-8-CH2) 
MS : m/z 414 (M"*"), 399, 273, 271, 231, 229 and 203. 
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Hexane 
fraction 
(13.0 g) 
V.hvbrlda 
"(5.0 kg) 
9b'A Ethanol 
Concentrated to give 
(375.0 g) of greenish 
material 
Diluted with water ^ extracted 
with hexane 
Aqueous fraction 
Concentrated and 
extracted with 
ethyl acetate 
Ethyl acetate 
insoluble 
residue 
~~1 
Ethyl acetate 
soluble fraction 
(43.0 g) 
Lyophilised & 
extracted with 
n-butanol 
Aq. res idue n-3utanol f rac t ion 
(26.5 g) 
Chart 1: Frac t ionat ion scheme of V.hvbrida 
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Substance B O-sitosterol, 14) 
The isolation of substance A and 3 from the fraction 
15-18 (0.18 g) by silica gel chromatography over a small 
column led to their separation in pure forms. Substance A 
(22.0 mg) was crystallised from dichloromethane while 
substance 8 was obtained in good yields (121.0 mg) and 
crystallised from methanol as colourless shining flakes, 
m.p.l36 . 
IR : 3450 (br, OH), 16^0, 10^0, 835 and 800 cm"''^  
PMR(CDCl3) : 0.65-0.96 (overlapping s., 18H, 3H each, 
6XCH2), 1.12-1.88 (m, 22H, polymethylene), 
3.55 (m, IH, -CH-OH), 5.35 (m, IH, >C=CH-
CHj) 
MS : m/z 414 (M"^), 3*59, 396, 381, 329, 289, 273, 
255, 231, 213 and 133. 
Acetvlation of Substance B 
Substance 3 (lO.O mg) dissolved in pyridine (1.0 ml) 
and acetic anhydride (1.0 ml) was left overnight at room 
temperature. Removal of solvents under vacuo afforded a 
residue which was dissolved in chloroform (20.0 ml), 
washed with water, dried over anhydrous Na^SO^ and the 
solvent evaporated to give the oroduct. Whiie needles were 
obtained on crystallisation with chloroform. 
m.p. : 126® 
MS : m/z 456 (M*) 
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Substance C (ursolic acid, 15) 
Fractions 19-22 on removal of solvent gave a residue 
(0,09 g) which was passed through a small column of silica 
gel to afford substance C (33.0 mg) as white needles on 
crystallisation from methanol. 
m.p, : 285°. 
IR : 3350 (b£ , OH), 1685 (>C«0), 1665, 1270, 840 
and 790 
PMR(CDCl3) : 0 . 6 6 - 1 . 1 0 (overlapping s., 21H, 3H each, 
7XCH3), 1.25-2.00 (m, 18H, polymethylene), 
3.10 (in, IH, -CH-OH), 5.26 (m, IH, >C^CH~) 
MS : m/z 456 (j / ) , 438 (M"*"-H20), 411 (M*-Me), 
248 (base peak), 219, 208 and 203. 
Acetvlation of Substance C 
Substance C (10.0 mg) dissolved in dry pyridine (1.0 m l ) , 
acetic anhydride (1.0 ml) were left overnight at room 
temperature for 12 hrs. The solvent on evaporation under 
vacuo afforded a residue which on usual workup gave the 
acetyl derivative (6.0 m g ) , 
m.p. : 267° 
fAS : m/z 498 (M"*) 
Methvlation of Substance C 
A freshly prepared ethereal solution of diazomethane 
obtained from N-nitrosomethylurea (5C.0 mg) and KOH was 
added to the ice-cold ethereal solution of substance C 
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(15.0 mg). The content was left for half an hour and 
solvent removed to furnish a residue which was crystallised 
from methanol-chloroform to give the colourless needles of 
the desired product (8.0 mg). 
m.p, : 168° 
MS : m/z 470 (M"*") 
Substance D (lupeol, 16) 
The combined fractions 23-26 were freed of the solvent 
to give a residue (0.26 g) which was passed through silica 
gel (250-400 mesh) column on flash chromatography in 
hexanesethylacetate (2:1, v/v) as eluent and yielded 
substance D (67,0 rag) as colourless needles from ethylacetate. 
The fractions 27-31 which contained greenish material 
(1,40 g) was purified by PLC in hexanetethylacetate (1:1, v/v) 
on silica qel to give more quantity of substance D (19.0 mg), 
m,p. : 213° 
IR : 3400 (br, OH), 2940, 2870, 1645, 1040 and 
870 cm"^ 
PMR(CDCl3) : 0.78-1.26 (overlapping s., 18H, 3H each, 
6XCH2), 1.30-1.48 (m, 20H, polymethylene), 
1.65 (^ , 3H, CH3-b=CH2), 3.22 (m, IH, 
-fcH-OH), 4.60 (d, 2H, J=8.0 Hz, CH3-6=CH2) 
MS : m/z 426 (Wf*), 411, 408, 393, 38^, 220, 219, 
207, 189 and 122. 
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Acetvlatlon of Substance D 
Substance D (20,0 rag) on treatment with acetic 
anhydride (2,0 ml) and pyridine (2 ,0 ml) for overnight 
afforded a product which on usual workup and crys ta l l i sa t ion 
from benzene ether gave the creamy white crystals of 
acetylated product (17) . 
o 
m.p 
MS 
: 216' 
: m/z 468 (M*) 
The fractions 32-36 containing green pigments 
weighed 3,66 g on evaporation of solvent. 
Purification of n-Butanol soluble fraction 
The brownish gummy n-butanol soluble fraction (7.0 g) 
was chromatographed over a column of silica gel in ethyl 
acetate and methanol with a gradually increasing polarity. 
The fractions of 500 ml each were collected and mixed 
together on the basis of TLC. The results on this fraction 
are summarised in Table 3. 
Table 3; Column chromatography of n-butanol fraction 
fractions Eluent Remarks 
1-3 
4-7 
8-13 
14-19 
• Ethyl acetate 
Ethylacetate:Methanol 
(80:20. v/v) 
Ethylacetate:Methanol 
(70:30, v/v) 
Ethylacetate:Methanol 
(60:40, v/v) 
Contains green 
pigments 
Contains substance 
E and F 
Contains substance 
E and F 
Contains substance 
F, G and brownish 
pigments 
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Fractions Eluent Remarks 
20-25 EthylacetatexMethanol 
(50:50, v/v) 
Brownish pigments 
The fractions 1-3 contained green pigments and 
weighed (1.75 g) on solvent evaporation. 
The combined fractions 4-13 on solvent evaporation 
furnished a gummy brownish residue (1.36 g) which was 
purified by Droplet Counter Current Chromatography using 
aqueous layer of chloroform:methanol:water (1:2:1) as the 
stationary phase while the lower organic layer was taken 
as mobile phase. Fractions of 50 ml each were collected 
and the 14th, 15th fraction afforded substance E (105,0 mg), 
which was crystallised from methanol, along with substance F 
in poor yields (22,0 mg) from 17th and 18th fractions. 
Substance F was crystallised from hot water. 
Substance E (verbenalin, 21) 
182^ 
-172° (c=4,0, H2O) 
240 nm 
3350 (OH), 1730 (>C=0). 1660 (con1ugai;ed 
>C=0), 1640, 1040, 835 and 790 cm~^ 
1.19 (d, IH, J=6,0 Hz, CH3), 3.26-3.93 
m.p. 
UV(MeOH) 
IR 
PMR(D20) 
EI-MS 
(m, 6H, glucosyl protons), 3.79 (s, 3H, 
-C-O-CH3), 5,71 (d, IH, J=:6,0 Hz, C^-H), 
7.58 (^ , IH, -O-CH-S-OCH3) 
: m/z 226, 209, 163, 145, 139, 127 and 109. 
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a residue which was dissolved in water, extracted with 
ether (2x20,0 ml), washed with 5>i sodium bicarbonate 
solution (2x20.0 ml) and water to afford ketologanin (20, 
24.0 mg) on solvent evaporation, 
m.p. : 194° 
UV(EtOH) : 235 nm 
IR : 3500 (br, OH), 1755, 1680, 1615 and 
1250 cm"^ 
MS : m/z 388 itt) 
Substance F (hastatoside, 22) 
m.p. : 194° 
UV(MeOH) : 238 nm 
IR : 3380 ( b r , OH), 1760, 1680 and 1610 cm~^ 
PMR(D20) : 1.14 (d, 3H, J:=6.0 Hz, Cg-H), 2.26 
(m, IH, C^-H), 2.46 (m, IH, Cg-H), 3.22-
3.68 (m, 5H. glucosyl protons), 3.70 
(^ , 3H, -0-C-O-CH-,), 5.16 (d, IH, J=1.5 
"5 " " 0 
Hz, C^-H) and 7.51 (i, IH, -0-CH=C-^0-
CH3). 
Acetvlation of Substance F 
A solution of substance F (10.0 mg) in pyridine (1.0 
« « 
ml) and acetic anhydride (1.0 ml) was kept overnight at room 
temperature. The usual workup gave the acetylated product 
(6,0 mg). 
m.p. : 181° 
FD-MS : m/z 572 (A^) 
- 1 5 3 -
The res idue obtained (0 .13 g) from the combined 
fract ions 14-19 on solvent evaporation was subjected to 
PLC pur i f i ca t ion on s i l i c a ge l in methanol :e thylacetate 
( 1 : 1 , v/v) to afford more quant i ty of substance F (42.0 mg) 
and substance G in minor y ie lds (15,0 mg) as amorphous 
s o l i d . 
Substance G (hybridoside, 23) 
UV(MeOH) : 204 nra 
IR : 3400 (br, OH), 1665, 1080, 835 and 
300 cm~^. 
Pm(D20) : 2,48 (m, IH, C^^-H), 2,58 (m, IH, C^-H), 
3.12-3.58 (m, 5H, glucosyl-H), 3.78 (d, 
IH, J = 13.0 Hz, Cg-H), 4.11 and 4.29 (2xd, 
2H, J = 13.5 Hz, Cj^Q-2xH), 4.37 (br s, C^, 
-H), 4.61 (d, IH, J = 7.0 Hz, C^-H), 4.88 
(d, IH, J = 7.0 Hz, C^-H), 5.03 (dd, IH, 
J = 6.6, 3.0 Hz , C4-H), 5.70 (br _s, IH, 
Cj^ -H) and 6.24 (dd, IH, J = 6.5, 1.5 Hz, 
C3-H). 
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Acetvlation of Substance E 
Substance E (10.0 mg), pyridine (1,0 ml) and 
acetic anhydride (1.0 ml) were left overnight at room 
temperature. The usual workup gave the acetylated product 
(6.0 mg). 
m,p. : 133 
MS : m/z 556 (M*") 
Reduction of Substance E 
Substance E (2_1, 20.0 mg) was dissolved in methanol 
(10,0 ml) and NaBH^ (25.0 mq) was added to it in portions 
while stirring. The stirring was continued for half an 
hour and solvent removed in vacuo to give a residue which 
was diluted with water, acidified with few drops of acetic 
acid and extracted with ether (2x20.0 ml). The combined 
organic layer was washed with water, dried over anhydrous 
Na2S0^ and solvent freed to give the product which was 
a mixture of two components on silica gel TLC in methanol: 
ethyl acetate (1:4, v/v) solvent system and differed to 
the authentic sample of loganin on Co-IR. 
Oxidation of Loaanin (1^) 
Loganin (19, 40.0 mg) dissolved in ether (20.0 ml) 
was chilled in an icebath for half an hour. The cold 
chromic acid solution in excess (10.0 ml) was added in 
portions while stirring. The stirring was continued for 
half an hour and solvent was evaporated under vacuo to give 
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